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CHAP. I. 



OF THEIR PRONE POSTURE. 



T N taking a view of this part of the animal worlds 
"^ fo far as the ftrudture of their bodies is con- 
formable to that of man, I ftiall pafs them by, 
and only take notice of fome peculiarities in 
them, which are plain indications of de^ 
fign, and the divine fuperintendence and ma* 
nagement. And, i, The moft vifible apparent 
variation is the prone pofture of their body: 
concerning which I fhall take notice only of two 
things, the parts mipiftriqg thereto, and the ufe 
apd benefit thereof, 

VoL IJ. A 

I, As 



2 ' THE POSTURE QF QJJJkDRUPEDS* 

I. As for the parts, it is obfervable, that iii 
all thefe creatures, the legs are made exaftly 
conformable to this pofture, as thofe in man arc 
to his eredt pqftyire : and what is farther obferv- 
able alfo, is, that the legs and feet are always 
admirably fuited tp the motion and cxercifcs of 
each animal : in fome they are made for ftrength 
only, to fuppprt a vaft, unwieldy body"; in 
others they are made for agility and fwiftnefs \ 
in fome they are made for only walking and 

running 

* The elephant being a creature of prodigious weight, the 
largeft of all aoimals, Pliny faith, hath its legs accordingly made 
of an immenfe drength, like pillarsi rather than legs. * 

^ Deer, hares, and other creatures, remarkable for fwiftnefr, 
have the legs accordingly (lender, but withal ftrong, and every way 
adapted to their fwiftnefs. 

* Thus the feet of the otter are made, the toes being all con- 
joined with membraoes, as the feet cf ^eefe and ducks are. And 
in fwimming it is obfervable, that when the foot goes forward in 
the water^ the ^oes are clofe ; but when backward, they are fpread 
opr, whereby they more forcibly ftrike the water, and drive them- 
felves forward. The fame may be obferved alfo in ducks and 
geefe, &c. 

Pf the caftor or beaver, \\ip ^French acadeinifls fay, * The ftruc- 
' ture of the feet was very extraordinary, and fufficienrly demon- 
< flrared, that nature hath deiigned this animal to live in the water, 

* as well as upon land. For a'though it had four feet, like terrefj* 

* trial animals, yet ihe hindmofi feemed moie proper to fwip than 
' walk viith, the five toes of which they are com pofed, being joined 

* together like thofe of a goofe by a membrane, which ferves 
^ tills animal to fwim with. But the fore ones were made other- 

4 wife . 



THE POSTURE OF QJJADRVPED& J 

running, in others for that, and fwimming too*^; 
in others for walking and digging ** ; and in others 
for walking and flying * : in fome they are made 
more, laik and weak, for the plainer lands ; in 
others rigid, ftiff, and lefs flexible ^ for traverf- 
ing the ice, and dangerous precipices of the 
high mountains s ; in fome they are fliod with 

^ wife ; for there was no membraoe, which held th«fe toes joined 

* together; and this was requilite for the conveniency of this ani- 

* mal, which uferh them as hands like a fquirreli when be cats/ 
Memoirs for a Natural Hiftory of Animals, p. 84. 

^ The moles feet area Vemaikablc inftance. 

* The wings of the bat area prodigious deviation from nature's 
ordinary way. So it is in the Virginian fquirrci, whofe ikin is ex* 
tended between the fore- legs and its body. 

' Of the legs of the cllc, the French academifls fay. * AU 
< though fome authors report, that there are elks in Mufcovia, 

* whofc legs are jointlefs ^ there is great probability, that this opin* 

* ion is founded on what is reported of rhofe elks of Mufcovia, at 

* well as of Czfar's Alee, and Pliny*s Machlis, that they have legs 
' fo flifT and inflexible, that they do run on i^e without (lipping } 

* which is a way that is reported that they have to fave thcmiclvet 
from the wolves,' &c. p. 108. 

< The common tame goat (whofe habitation is generally on 
mountains and rocks, and who delighteth to ualk on the tops of 
pa!t.s, houfcs, 5(c. and to cake great and feemingly dangerous leaps) 
I have obfc) ved, hath the joints of the legs very ftiff'and ftroog, the 
hoof hollow underneath, and its edges iharp. The like, I doubt 
nor, is to be found in the wild goat, conftdering what Dr. Scheu- 
chzerhath laid of its climbing the mod dangerous craggs of the 
Alps> and the manner of their hunting it. Vide Iter Alpin 3. p. 9. 

A 2 rough 



4 THE POSTURE OF OyADRUPED^. 

rough and hard hoofs^ fome whole, fome cleft -, in 
others with only a callous (kin. In which latter^ h 
is obfervable that the feet are compofed of toes, 
fonae fliort for bare-going ; fome long to fupply 
the'place of a hand**! fome armed with long 
and ftrong talons to catch, hold, and tear the 
prey J fome fenced only with Ihort nails, to con- 
firm the fteps in running and walking, 

11. As the pofture of man's body is the fitted 
for a rational animal, fo is the prone pofture of 
quadrupeds, the moft ufeful and beneficial to 
themfelves, as alfo moft ferviceable to man. For 
they are hereby better made for their gathering 
their food, to purfue their prey, to leap, to 
climb, to fwim, to guard themfelves againft 
their enemies | and, in a word, to do whatever 
may be of principj^l ufe to themfelves ; as alfo 
they are hereby rendered more ufeful and fervice- 
able to man for carrying his burdens, for tilling 
his ground i yea, even fpr his fports and diver- 
fions. 

And now I might here add a furvey of the ex- 
cellent contrivance of the parts miniftring to 
this pofture of the four-footed animals, the ad- 
mirable 



^ Thus in apes aad monkeys, in the braver before, an4 divers 
ethers. 
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mirable ftrufture of the bones*, the joints and 
mufcles, their various fizes and Itrength j their 
commodious lodgment and fituation, the nice 
sequipoife of the body, with a great deal more 
to the fame purpofe* But I fliould be tedious 
to infift. minutely upon fuch particulars ; and 
befides, I have given a touch upon thefe kind of 
things, when I fpake. of man* 

Faffing by therefore many things of this kind, 
that might deferve remark, 1 Ihall only confider 
fomc of the parts of quadrupeds, differing from 
what is found in man \ and which are manifeit 
works of defign* 

* It is i lingular provifion nature hath made for the ftrength of 
the lion, if that be true^ which Galen faith is reported of its bones 
being i|§t hpliow, as in other animals, but folid : which repon he 
thus far confirms, that nnoft of the bones are fo ; and that thofe in thc^ 
legs; and feme other parts, have only a fmail and obfcure cavity ia 

them. Vide Galen, de ufu Part I. ii. c. r8. 

\ 

! 

^ * Thefe forts of differences in the mechanifm of animals^ 
' upon the (core of the polition of their bodies, occur fo often, 

* that it would be no mean fervice to anatomy«-if any one would 
' give us a hiidory of thofe variations of the parts of animals, which 

* fpring from the different poftures of tbtir bodies.' Drake Aoat. 
vol. I. Book 1. chap. 17. 
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CHAP. II. 



Of the Heads of Quadrupedsi 



IT IS remarkable that, in man, the head is of 
one lingular form j in the four-footed race, as 
various as their fpecies. In fome, fquare and 
large, fuitable to their flow motion, food, and 
abode; in others lefs, flender, and fliarp, agree- 
able to their fwifter motion, or to make their 
way to their food \ or habitation under grofcd"*. 
But paffing by a great many obfervations that 
' might be made of this kind, I fliall (top a little 

' Thus fwinc, for inftance, who dig in the earth for roots» 
and other food, have their neck, and all parts of their head very 
well adapted to that fervice. Their neck ihort, brawny and (Irong ; 
their eyes fet pretty high out of the way ; their fnout long ; their 
nofe callous and ftrong; and their fenfe of fmelling very accurate, 

m 

to hunt out and diftinguifh their food in mud, under ground, and 
other the like places where it lies concealed. 

"* What hath been faid of fwine is no lefs, rather more remark- 
able in the mole, whofe neck, nofe, tyes, and ears, are nil fitted^ 
in the niceft manner, to its fubterraneous way of life. 



at 
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it the brainy as th^ moft confiderable part of the 
body, being the great inftrument of life and mo- 
tion in quadrupeds, as it is in man of that, as 
alfo in ill probability the chief feat of his im- 
mortal foul; And accordingly it is a remarkable 
difFererice, that in man the brajn is large, afford- 
ing fubftance aild room for fo noble a gueft ; 
whereas in quadrupeds, it is but fmalU And an- 
other thing, no lefs remarkable^ is the fituation 
of the cerebrum and cerebellum, or the greater 
and leffcr brain, which I Ihall give in the Words 
of one of the moft exa6t anatomifts we have of 
that part "* : * Since, faith he, God hath given 
to man a lofty countenance^ to behold the 
heavensi and hath alfo feated an immortal foul 
in the brain, capable of the contemplation of 
heavenly things ; therefore, as his face is 
ered, fo the brain is fet in an higher place, 
namely, above the cerebellum, and all the fen- 
fories. But in brutes, whofe face is prone to- 
wards the earth, and whofe brain is incapable 
of fpeculation, the cerebellum, (whofe bufi- 
nefs it is to miniiier to the aftions and funftions 
of the pra?cordia, the principal office in thofe 
creatures) in them is fituated in the higher 
place, and the cerebrum lower. Alfo fome o^ 
the organs of fenfe, a& the ears and eyes, are 

A 4 < placed, 



* Willis Ccreb. Aaat. cap. h, < Cumque huic Dens bi fabltmc 
^ederit.' &c. 
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^ placed, if not above the cerebrum, yet at leatt 
^ equal thereunto/ 

Another convenience in this pofition of the 
cerebrum and cerebellum, the laft ingeniou3 
anatomift tells us is this *. * In the head of man,' 
faith he, ' the bafe of the brain and cerebell, 
yea, of the whole fkull, is fee parallel to the 
horizon j by which means there is the lefs dan- 
ger of the two brains joggling, or flipping out 
of their place. But in quadrupeds, whofe 
head hangs down, the bafe of the fkull makes 
a right angle with the horizon, by which 
means the brain is undermoft, and the cerebell 
uppermoft ; fo that one would be apt to ima- 
gine the cerebell fhould not be fteady, but 
joggle out of its place.* To remedy which in- 
convenience, he tells us, * And left the frequent 
concuffions of the cerebell fhould caufe a faint- 
ing, or diforderly motion of the fpirits, about 
the praecordia, therefore, by the artifice of na- 
ture, fufficient provifion is made in all, by the 
dura meninx clofely encompafling the cerebel- 
lum ; befides which, it is, in fome, guarded 
with a ftrong bony fence ; and in others, as the 
hare, the coney, and fuch leflfer quadrupeds, a 
part of the cerebell is on each fide fenced with 

the 



* Id. pauIo pod. * In capire humano cerebri ct cerebelK/ 
&c. 
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« the OS petrofum : fo that by this double ftay, 
^ its whole mafs is firmly contained within tha 
* fkuU/ 

Beiidesthefe peculiarities^ I might take notice 
of divers other things no ]efs remarkable^ as the 
hictating membrane of the eyeP, the different 
paflages of the carotid arteries ' through the 

fkull 

f See book iv. chap. 1. 

^ * Arteria carotis aliquanto pofteriu3 in horoine qiMm in ali» 

* quovis animali, calvariam ingredicur, fell, juxta illnd forainen» 

* per quod finus lateralis in venam jugularem definirut crano elabi- 

< tur : nam in C2eteris hsc arteria Tub extremicate feu procdTn 

* acuto olTis petrofi, inter cranium emergit ; verum in capite bu- 

* manoy eadem» ambagc longiori circumdu£^a (ut fanguinis tonrent^ 

* priufquam ad cerebri cram apcllit, fra£^o impetu, leniua et placi« 
' dius Auat) prope fpecum ab ingr'eiTu ftous lateralis fa^lum, caU 

* ?ariae bafiQ atcin^iti-^ct in majorem cautelam^ tunica tnfuper 

* afcicitia crafliore inveftitur.' And fo he goes on to (hew the con 
veniency of this guard the artery hath, and its paflage to the brain, 
and then faith, * Si hujufmodi conformationis ratio inquiritur, facile 
' occurrit, in capite humano, ubi generofi affcAus et roagni animo* 
' rum impetus ac ardores excitantur, fangutnis in cerebri oras ap- 

* pulfum debere efle liberum et expeditum, Sec, Atque hoc quidem 

< refpe6tu differt homo a plerifque. brutis, quibus, arteria in mille 

* furcuios divifay ne fanguinem pleniore alvcs, aut citatiore, quam 

* par eft, eurfu, ad cerebrum evehat, plexus retiformes coDftituir, 

* quibui nempe eflicitur, ut iaAguis tardo admodum, lenique et 

* xquabili fere dilicidio, in cerebrum jllabatur.. And then he goes 
on to give a farther account of this artery, and the rcte mirabilei in 
diyers creatures, Willis, ibid. c. t. 
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ikuU, their branching into the rete mirabile ', the 
different magnitude of the nates^ and fome other 
parts of the brain in beafts, quite different from 
what it is in man : butthe touches already given, 
may be inftances fufficient to prevent my being 
tedious in enlarging upon thefe admirable works 
of God. 

r 

' Galen thinks the rete mirabile it for coneo6^ing and elaboratii^ 
the animal fpirits, as the epididymes, (the oonvoluttonsy xtf^uiiSg 
txinof] are for claboratiDg the feed, De ufu Part. 1. iz. c. 4. This 
rete is much more confpicuous in beafts than man : and, as Dr. 
Willis well judges, ferves, x. To bridle the too rapid iocurfioos of 
the blood into the brain of thofe creatures^ whofe heads hang down 
much. t. To feparate fome of the fuperfluous ferous parts of the 
blood, and fend them to the falival glands, before the blood enters 
the brain of thofe animals, whofe blood is naturally of a watery 
conftitution. 3. To obviate any obftru£bions that may happen in 
the aneries, by giTiog a free paHagt through other Ttflels, when 
fome are ftopped. 

In quadrupeds, as the carotid arteries are branched into the 
rete mirabile, for the bridling the too rapid current of blood into 
the brain j fo the vertebral arteries are, near their entrance into the 
ikull, bent into an acutcr angle than in man^ which it a wife pro* 
Tifion for the fame purpofe. 



CHAP. 
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CHAP. III. 



OF TH£ NECKS OP QITADRUPEDS* 



FROM the head pafs we to the neck, no prin- 
cipal part of the body, but yet a good in- 
ftance of the Creator's wifdom and defign, inaf- 
much as in man it is ihort, agreeable to . the 
eredtion of his body; but in the four- footed tribe 
it is long, anfwerable to the length of the legs, 
■ and in fome of thefe long, and lefs ftrong, fer- 

ving 

* It is very remarkable, that io all the fpecies of quadrupeds, 
this equality holds, except only the elephant \ and that there fhouI4 
be a fufficient fpecial proviHon made for that creature, by its pro- 
bo(cis or trunk. A member fo admirably contrived, fo cliriouily 
^rought, and with fo great agility and rcadinef^ applied by that un* 
weildly creature to all its feveral occafions, that I take it to be a 
manifeft indance of the Creator's workmanfhip. See its anatomy 
in Dr. A. Moulen's Anat. of the Elephant, p. 33. As aifo in 
Mr. Blair's account in Phil. Trani. No. 3^6. 

' Alionim ea eft humilitas, ut cibum terrcftrem rodris facile coq« 
' dogant. Quae autem altiora funt, ut anferes^ ut cygnl, ut grues, 

*ut 
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ving to carry the mouth to the ground ; in others 
fliorter, brawny, and ftrong, ferving to dig, and 
heave up great burdens '* 

But that which deferves efpecial remark is^ 
that peculiar provifion made in the necks of all, 
or moft granivorous quadrupeds, for the perpe- 
tual holding down their heads in gathering their 
food, by that ftrong, tendinous, and infenfible 
aponeurofis or ligamen ", braced from the head 
to the middle of the back. By which means the 
head, although heavy, may be long held down 
without any labour, pain, or uneafinefs to the 
mufcles of the neck, that would otherwife be 
wearied by being fo long put upon the ftretch. 

* Ut cameli, adjuvantur proceritate colloruma Maous etiatn data 

* elephantis^ qui propter roagnitudinem corporis difficiles aditus ha-^ 

* bcbant ad pallum.' Cic. de Nat. Deor. I. ii. c. 47. 

' Quod iis animalibus qux pedes habent filTos in digitos, collum 

* brcvius iit fa£t:um, quam ut per ipfum cibum ori admovere qaeant: 

* iis vero quae ungulas habent folidas, aut bifidas, longius, utproiia 

* atque inclinantia pafci queans Qui id etiam opus non fit artificls 
' utilitatis memorls > Ad haec quod grues ac ciconix» euro crura habo- 

* rent longiora, ob earn caufam roftrum etiam magnum, etcoHum Ion* 

* gius habuerint. Pifces autem neque collum penitus habuere, ut« 

* pote qui neque crura habent. Quo pa£lo non id etiam eft adny- 
' randum?' Galen, de ufuParr. 1. xi. c. 8. 

' As in moles and fwinei in chap« ii. note p. 

* Called the white-leather, pack^vvax, tax wax, and £x-fax. 

CHAP. 
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\, 



CHAP. IV, 



OF THE jTOMACHS OF QUADRUPEDS, 



FROM the neck, let us defcend to the Sto«r 
mach, a part as of abfolute neceffity to the 
being and well-being of animals, fo is in the 
feveral fpecies of quadrupeds, fixed, contrived, 
and made with the utmoft variety and art \ 
What artift, what being, but the infinite confer- 
vator of the world, could fo well adapt every food 
to all the feveral kinds of thofe grand devpurers; 

of 

^ ThB peculiar contrivance and make of the dromedary's or oa* 
mel'i ftomach, is very remarkable, which I will give from the Pa- 
rifian anatomifts : * At the top of the fecond (of thtf'four ventricles) 

* there were feveral fquare holes, which were the orifices of about 
' thirty cavities, made like facks placed between the two membranes, 
' which do compofe the fubftance of this ventricle. The view of 
thefc facks made us to think that they might well be Uie referva- 

* tories, where Pliny faith, that camels do a long time keep the 
water, which they drink in great abundance t o fupply the wants 
thereof in the dry de(arts,* &c. Vide Memoirs, &c. Anat. of Dro- 
medary, p. 39. See alfo Peyer. Merycol. 1. 2. c. 3. 
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of it J Who could fowcU fuit their ftomachs to 
the reception and digeftion thereof; one kind of 
ftomach to the carnivorous, another to the her- 
bacious animals : one fitted to digcft by bare maf- 
tication: and a whole fet of ftomachs in others, 
to digeft with the help ot rumination ! Which 
laft aft, together with the apparatus for that fer- 
vice, is fo peculiar, and withal fo curious an 
artifice of nature, that it might juftly deferve a 
more particular inquiry j but having formerly 
mentioned it^ , and left I fliould be too tedious, I 
Ihall pafs it by. 

* Boo)^ iv. chap. 1 1« 



CHAP. 



THE HEARTS OF OUADRUPEDS. tj 



CHAP. V, 



QP THE HEARTS OF Q£rAPRUP£D$. 



IN this part is a notable difference found be. < 
tween the heart of man and that of beafts ; 
.concerning the latter of which I might take no- 
tice of the remarkable conformation of t^ hearts 
of amphibious quadrupedsf and their difference 
from thofe of land-animals, fome having but 
bqe ventricle *, fome three % and fome but two, 
like land-animals> but then the foramen ovale 

therewith 



* Frogf are geocpilly thought tp have but one ventricle in their 
hearts. 

• The tortoife hath three Tentrtcles, as the Parifian academifts 
in their Memoirs affirm. ' Bciides thofe two Ventricles [before 
' rpoken of] which were in the hinder part of the heart, which 

* fciceth the fpine, there was, fay they, a third in the fore-part, in- 

* jclinmg a lirrLe rouards the right fide,' &c. Memoirs, &c. p. 2^9. 
But Mr. Bufficre charges this as a miflake in thofe ingenious gentle- 
men, and air rts there is but one ventricle in the (ortoife's heart. 
See his dcfcription of the heart of the iand»tortoife, in Philof. TranC 
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therewith*. All which maybejuftly cftcemcd 
as wonderful, as they are excellent provifions for 
the manner of thofe animals living, But I Ihall 
content myfelf with bare hints of thefe things, 
and fpeak only of two peculiars niofe, aiid that 
but briefly. 

One is, the fituation of the heart, which in 
beads is near the middle of the whole body; ii\ 
man, nearer the head \ The reafons of which 
I Ihall give from one of the moft curious anato- 
mifts of that part ^. ^ Seeing, faith he, the tra-r 

* jcQion and diftribution of the bloqd depends 

* wholly on the fyftole of the heart, and that its 

* liquor is not driven of its own nature fo readily 
^ into the upper parts as into veflTelseven with it, 
^ pr downwards into thofe under it; if the fitua- 
tion 



. *■ The ^ea^calf is faid by the French academifts, to have this 
proviiion, and their account of it is this : ' Its heart was round 

* end flat. Its ventricles appeared very large, and its auricles 
< fmall. Underneath the great aperture, through which 
' the trunk of the vena cava conveyed the blood into the right ven- 
' tricle of the heart, there was another, which penetrated into the 
' arteria venofa, and from thence into the left ventricle, and aftei^ 
f wards into the aorta. This bole, called the foramen ovale in the 

* foetus, makes the anafiomofis, by the means of which, the blood 

* goes from the cava into the aorta, without pafling through the 

* lungs.' French Anat. p. x 14. 

* T>iv Ti Kaf 4i«v wipt rh (xio-ov 7rX»jv h Aydpww«}, &c. "Arifto HiA. 
An. 1. ii« c. 17. 

« Dr. Lower dc Cordc, c. x. 
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tion of the heart had been farther from the 
head^ it mud needs either have been made 
ftronger^ to call out its liquor with greater 
force ; or elfe the head would want its due 
proportion of blood, -But in animals that 
haye a longer neck^ and which is extended 
towards their fpod as it were, the heart \% 
feated as far from the other parts; and they 
find no inconvenience from it, becaufe they 
feed with their head for the moft part hanging 
down ; and fo the blood, as it hath farther to go 
to their head than in others, !So it goes a plainer 
and often a fteep way ^ 



The other peculiar matter is, the fattening, I 
formerly mentioned, which the cone of the peri- 
cardium hath in man to the diaphragm ^^ 
whereas in all quadrupeds it is loofe. By which 

* I might have mentiooed another wife provifion from the fame 
author* which take in his own words : ' In viculis et equity imo 

* f hrifque aliis animalibus ma)oribas, non folas propagtnes a nenro 

* fezti paris ut in homine, fed etian plurimum a neryo intercoflali, 
' ubi re£hi cor traofit, cor accedere» imo in parenchyma ejus dimitti: 
' et hoc ideo a natura quad fubfidium brutis comparatQa, ne capua 

* quae terram prona fpeflaar, non fatis facile ant copiofe fptritus 

* animales impenirent/ Blafii A^at. Animal, par. i. c. 4* ex 
Loweroy de corde. 

' * Diaphragmatis circulo nerreo firmiter adhxret (pericardium) 

* quod homini fingulare; nam ab eo in canibus et (imiis diftat^ 
' icqm in aliis animalibus omnibus.' Bartholin. Anar. 1. ii. c. 5. 
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« 

means the motion of the midriff', in that neceflarf 
aft of refpkatkm, is affilled both in. the upright 
poftuce of man^ as alfo in the prone poAure of 
quadrupeds % which would be hindered, or ren- 
dti^d more difficult, if the cafe was otherwife : 
< Which muil needs be the efkdc of wifdom'and 
' deiign, and that man wa« intended by nature to 
*' walk ered', not upon all -four, as quadrupeds 
' do ; to exprefs it in the words of a* great judge 
^ in fiich matters ^ 

* * Pinalem caafam ^^pd' atttaer,— ?-»>ciim ere£lus fit hominit in- 

* cefliis atque figura, euque facilius abdominis vifcera fiio pondere 
/ defceodanty roioore diaphragmatii nixu atque fyfiole ad infpira- 
< rationem opi^s efl : porro, cum in expiratione pariter ncceflarium 
*• fit diaphrsgma relaxari,— cum capfola cordis omnino coDaeften- 
' dum.fttiry in horoine, ne forte, quamdiu eref^us iDCcdit, abbcpatis, 

* aliorumque rifcerum appenforum pondere deorfiim adeo dcprime- 
' retur, ut neque pulmo fatis concidere, neque espiratio debito 

* modo peragi'potuerit. Quocirca in quadrnpedibus, nbi tbdomi* 
' nis yifcera in ipfum diaphragma incumbunt, ipfumque in pe£loris 

* carittum fiio pondere impetlum, i(ta panium accretio expirationi 
'quidem^ inntilis, inrpirationi autem debitam diaphi^gmatia te»* 
' fioncm tmpedieodoy prorfus incommoda fuiflct/ Lower, ib. pi li 

^Db«. Tyson's Anatomy of the Oraag^Outangy in Ray's Wif» 
dpm. of God, p. a6x. 
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OF THE DIFFERENCE BETWEEN W^AN AND QiTA' 

DRUPEDS IN THE NERVOUS KIND. 



THERE is only one difference more between 
man and quadrupeds that I ihall take notice 
of^ and that is the nervous kind ; and becaufe it 
would be tedious to infift upon many particu- 
lars f^, I IhalU for a fample^ infift chiefly upon 
one^ and that is^ of nature's prodigious care for 
a due communication and correfpondence between 
the head and heart of man^ more than what is in 
the four-footed tribe. For this purpofe, befides 
the correfpondence thbfe parts have by means of 
the nerjres of the par vagum^ common both to 

(K) Among thefe, I might name the feat of the nenret proceed- 
iag from the medulla fpinalis, which Dr. Lower takes notice of. 
In beads, whofe fpine is above the reft of the body, the nerves tend 
dire^ly downwards ; but in man, it being ere£l» the nerves fpring 
out of the fpine, not at right, but in oblique angles downwards, and 
pafs aKb in the body the fame way. lb. p. i6. 

■ tf* 

B 2 man" 
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man and beaft, there is a farther and more fpe- 
cial communication and correfpondence occafion- 
cd by the branches ^ of the intercoftal pair, fent 
from the cervical plexus to the heart, and pra?- 
cordia. By which means the heart and brain of 
man have a mutual and very intimate correfpon- 
dence and concern with each other, more than is 
in other creatures ; or as one of the moft curious 
anatomifts and obfervers of thefe things /faith * : 

* Brutes are as it were machines made with a fim- 

* pier and Icfs operofc apparatus, and endowed 

* therefore with only one and the fame kind of 

* motioi|i, are determined to do the fame thing : 

* whereas in man, there is a great variety of 
^ motions and adlions. For by the commerce 

* of the aforefaid cervical plexus \ he faith, the 

con- 

^ ' laplerinfue brurn tantuin hac via (i. e. by the parvagum) et 
' vix omninOy per uUos pans inrercoHaib nervos, adieus ad cor aat 
' appendicem ejus patefcit. Vcmm in homine, nervus intercofialis, 

* practer ofHcia ejus in imo ventre huic cum caeteris ammalibtis com- 

* munia, etiam ante pcftoris claudra imert^uniii fpecialis loco eft^ 
' qui cerebri et cordis fenfa mutua ultra cicraque refert.' Willis 
Nervor. Defer, et Ufus, c. 26. 

^ Id. ib. * Pum banc utriufque fpecici differentkin perpcndo, 
' fuccurrit aoimoy biuta elTe vclut machinas/ &c. 

That our great man \va< not midaken, there is great reafbit 
to imagine, from what he obferved in diifefling a fool. Beddes 
the brain being but fmall, he faith, * Praecipua autem difcriminia 
* nota quam^ inter illius et viri cordati partes advertimus, haecce 

* erat; 
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* conceptions of the brain prefentiy affeft tte 

* heart, and agitate its veffcls and whole appcn- 
« dage, together with the diaphragm. From 
^ whence the alteration in the motion of the 
^ blood, the pulfe, and refpiration. So alfo, on 
-' the contrary, when any thing affedls or alters 

< the heart, thofe impreflions are not only re- 

< torted to the brain by the fame du£t of the 
^ nerves, but aifo the blood itfelf, its courfe 

* being once changed, flies to the brain with a 
^ different and unufual courfe, and there agitat- 
^ ing the animai fpirits with divers impuifes, 
^ produceth various conceptions and thoughts in 

* the mind.' And he tells us, ^ That hence it 

* was, that the ancient divines, and philofophers 

* too, made the heart the feat of wifdom j and, 

* certainly, fays he, the works of wifdom and 

* virtue do very much depend upon this com* 

* merce which is between the heart and brain :'* 
and fo he gocth on with more to the fame pur^ 
ppfe. Upon the account of this intercoftal com- 
merce with the heart being wanting in brutes, 
there is another Angularly careful and wife pro- 
viiion the infinite Creator hath made in them, and 
that is, that by reafon both the par vagum, and 

* entt; nempe quod p:a?diAus ncrvi intercoftalis plexus, quctn 
' cerebri et cordis internuncium et hominit proprium diximas, ia 

* &u\xp hoc, valde exilis, et minor! nervorum facellitio ftipttut 

* fucrit.' Ibid. 

B ^ the 
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the intercoftal too, do not fend their branches to 
the heart, and its appendage in brutes ; therefore, 
left their heart fhould want a due proportion of 
nervous veffels, the par vagum fends more branch- 
es to their heart than to that of mant This^ as it 
is a remarkable difference between rational and ir-. 
rational creatures; fo it is as remarkable an ar- 
gument of the Creator's art and care ; who, al- 
though he hath denied brute-animals reafon, and 
the nerves minftering thereto, yet hath another 
way fupplied what is neceffary to their life and 
ftate. But let us hear the fame great author's 
defcant upon the point K * Inafmuch, faith he, 

* as beafts are void of difcretion, and but little 
^ fubje£t to various and different paffions, there- 

* fore thcDC was no need that the fpirits, that 

* were to be conveyed from the brain to the 
/ praecordia, fliould pafe two different ways, 

* namely, one for the fervice of the vital func- 
< tions, and another for the reciprocal impreiS- 
' ons of the affections ; but it was fufficient that 

* all their fpirits, whatever ufe they were defign* 
' ed for, ihould be conveyed one and the fame 

* way/ 

> Id. ib. chap. 29. * In quaomm beftue prudentia carent^ et variit 
' divcrOfque paffionibusy' &c. 

Here 



Here now in the nervous kind we have mani- 
fed ads of the Creator's defign and wifdom^ in this 
fo manifeft and diftindt a provifion for rational and 
Irrational creatures ; and that man was evidently 
intended to be the one^ as the genus of quadru- 
peds was the other* 
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CHAP. VII. 



THE CONCLUSION. 



A ND now it is time to paufc a while, and re- 
■^ ^ fleft upon the whole. And as from the con- 
fiderations in the preceding book, we have efpe- 
cial reafon to be thankful to our infinitely merciful 
Maker, for his no lefs kind than wonderful con- 
trivances of our body j fo we have reafon, from 
this brief view I have taken of this laft tribe of 
the creation, to acknowledge and admire the fame 
Creator's work and contrivances in them. For 
we have here, a large family of animals, in every 
particular refpeft, curioufly contrived and made, 
for that efpecial pofturc, place, food, and office 
or bufinefs which they obtain in the world. So 
that if we confider their own particular happinefs 
and good, or man's ufc and fervicej or if we 
view them throughout, and confider the parts 
wherein they agree with man, or thofe efpecially 

wherein 
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wherein they differ ; we fliall find all to be lb 
far from being things fortuitous, undeiigned, or 
any way accidental, that every thing is done for the 
beft ; all wifely contrived, and incomparably fitted 
up, and every way worthy of the great Creator. 
And he that will Ihut his eyes, and not fee 
God "* in thefe his works, even of the poor beads 
of the earth, that will not fay, as Elihu hath it^ 
Job XXXV. 10, II. ^ Where is God my Maker, 
who teacheth us more than the beafts of the 
earth, and maketh us wifer than the fowls of 
the heaven ?* Of fuch an one we may ufe the 
p/almiil's expreffion, Pfalm xlix« 1 2. that he is 
like the beafts ""^ that perifli/ 

" ^Dcum namque ire per onmet 

Terrafque traftufque maris, ccelunique profundam. 
Hinc pecudes, anncntaj viros, genus omn< ferarum. 

Virg. Geor. 1. 4* 

■ 

* * niof qui nullum omnioo Deum efle dizeninty non modo noo 
' philofophot, fed ne homines quidem fuilTe dixerim ; qui miitis 
^ fimillmi ex folo corpore conilitenint^ nihil ▼jdcatct anima*' Lae« 
tant, 1. tU. c, 9, 
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BOOK vn. 



A SURVEY -OF BIRDS. 



HAVING .briefly, as well as I could, dif- 
patched the tribe of quadrupeds ; I fliaTl 
next take a brief and tranfient view of the feather- 
ed tribe. 

Akp here we have another large province to 
expatiate in^ if we Ihould defcend to every thing 
wherein the workmanfliip of the Almighty ap- 
pefirs. But I ouift coatrad my Airvey as n^uck 
as may be ; and Ihall therefore give only fuch 
hints and touches upon this curious family of 
animals, as may ferve for famples of the reft of 
what might be obferved. 



CHAP. 



OF THS MOTION PF JifK^ps* j|f 



CHAP. I. 



OF THE MOTION OF l^I^DSy AND THE PAJ^Tf 
AflNISTjlRING THERETO. 



AS this tribe hath a difierent ii\cMUo9 h'^m, 
that of other animals, ^nd an am|>JhtViwV 
way of life ; partly in the air^ md partly ogk ihp 
land and waters; fo is their body accordit^y 
ihaped^ and aU their parts incomparably ii^H^ 
for that way of life and motion ; as will hp 
found by a curfory view of fome of the particu-* 
lars. And the 

L And moft vifible thing is the Ihap^ ani 
make of their body^ not thick and clumfy, but 
incomparably adapted to their flight : iharp be- 
fore, to pierce and make way through the air^ 
and then by gentle degrees rifing to ite £ujll bulk* 
To which we may add, 

II. The 
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II. The neat poiition of the feathers through- 
out the body; not ruffled, or difcompofed, or 
placed fome this, fome a contrary way, according 
to the method of chance; but all artificially 
placed % for facilitating the motion of the bodj'', 
and its fecurity at the fame time, by way of 
clothing : and for that end, moft of the feathers 
tend backward, and are laid over one another in 
cxaA and regular method, armed with warm and 
loft down next the body, and more ftrongly 
made, and curioufly clofed next the air and 
weather, to fence off the injuries thereof. To 
which purpofe, as alfo for the more eafy and 
nimble gliding of the body through the air, the 
provifion nature hath made, and the inftindt of 
thefe animals to preen and drefs their feathers, 
is admirable; both in.refpeft of their art and 
curiofity in doing it, and the oil-bag p, glands^ 
and whole apparatus for that, fcrvice. 

■* See before, bookiv. chap. 12. 

r Mr. Willoughby ikith, there are two glands for the fecretion of 
the UD£hiou8 matter in the oil-bag. And fo they appear to be in 
gcefe. But upon examination, I find, that in moft other birds, fuch 
at leaft as I have inquired into, there is only one gland $ in which 
are divers little cells, ending in two or three larger cells, lying under 
the nipple of the oiUbag. This nipple is perforated, and being 
f refled, or drawn by the bird's bill, or head, emits the liquid oil, as 
it is in fome birds, or thicker unctuous greafe, as it is in others. The 
whole oil-bag is in its ftru£hire fomewhat confoitnable to the breafts 
of fuch animals as afford milk. 

III. Akd 
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IIL And now having faid thus much relating 
to the body's motion, let us furvey the grand 
inftrument thereof, the wings. Which as they 
are principal pans, fo are made with great fkill^ 
and placed in the moft commodious point of the 
body^, to give it an exa& equipoife in that 
fubtle medium, the air. 

And here it is obfervable, with what incom- 
parable curiofity every feather is made; thefliaft 
exceeding ftrong, but hollow below, for firength 
and lightnefs fake; and above, not much lefs 
ftrong, and filled with a parenchyma or pith, 
both ftrong and light too. The vanes as nicely 
gauged on each fide as made ; broad on one fide, 
and narrower on the other ; both which incom- 
parably minifter to the prbgreffive motion of the 



n lo all birds that fly much^ or that havt the moft occafion for 
their wings, it is manifefl that their wings are placed in the very beft 
party to balance their body in the air, and to give as Iwift a pro* 
grciliony as their wings and body are capable of : for othcrwife we 
fhould perceive thero to reel, and fly unfteadily : as we fee them 
to do, if we alter their xquipoife, by cutting the end of one of the 
wings, or hanging a weight at any of the extreme parts of the body. 
But as forfuch birds as have as much occadon for fwimmingat' 
flying, and whofe wings are therefore (et a little out of the centre of 
the body's gravity, fee book iv. chap. 8. And ^or fuch as have 
more occafion for diving than flying, and whole legs are, for that 
reafon, fet more backward, and their wings more forward, lee 
chap. 4. of this book. 



bird. 
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Mrdy as dfir to the* uction and clofenefs of the 

M»if m l^i exqta&fite is tlie textrine art of the 
f ttlnlttgr atfcr* ; wkick is fo curioufly wrot^ght, 

andf 

' The wife Author of nature hath afforded an example of the 
{rett nicety in the fonnation of ^rds, by the nicety obfenred in a 
pM'ifl^iMnf oOtfftdenMe than the Tanes of the flig^fVathen of the 
yAagi Ahiong^ othen, thefe two things are obfervable : t. The 
edges of the exterior or narrow Tanes bend downwards, but of thtf 
iBtcffoir wider vaifes upwards ; by whicii means they catch, hold, 
Ml'Hedofttx^oil^'another, wheil the win^ isfpread; fo that not 
one feather majr nM its full force and impulfe upon th^ air. 2. A 
yet leiler nicety is obferred, and that is, in the very Hoping the tips 
of the fiag-feathers : the interior vanes being neatly Hoped away to a' 
|ttlnt; toWardtr th^ ontward part of the wing ; and the exterior 
yanerfldped towiftrds the bddy, at leaft in many birds ; aad in the . 
middle of thrwing, the vanes being equal, are but little (loped. So 
that the wing, whether extended or ihut, is &s neatly ilopied and 
formed, as if conftantly trimmed xvith a pair of feiflbrs. 

• SiBoe i|oexa£k aecount, that I know of, hath been given of th«. 
mechantiiii of the vanes, or webs of the feathers, my obfervation 
nay not be unactepteble. The vane confifts not of one continued 
flVflofbraife ; becaufc if once broken, it woulid hardly be reparable ; 
but-ofma^ylamiaae, which are thin, ftifF, and (bmewhat of the na- 
turfe of a thin quill. Towards the (haft of the feather, (efpecially 
in -the*flag«featheirs of the wing,) thole lamins are broad, &c. of a 
i^mieircular form ; which ferve for drength, and for the clofcr 
ftuttlngof the laoftin?; to one another, when impulfes are made upon 
the' air* Towards the outward part of the vane, thefe laminae 
ffs&ff (lender and taper : on their under fide they are thin and fmooth^ 
but their upper-outer edge is parted into two hairy edges, each fide 
having a different fort of hairs, laminated or broad a; bottom, and 
(lender and bearded above the other half. I have, a) well as I 

could. 
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and fo artificially interworen^ t)Mt it Cdfiifde if<( 
vievred without admiration^ efpecially wfcen the 
eye it affifted with glafles; 

Ani> as curiouflr made, fi> no lefsF cuiioiiily atre 
the feathers placed' in the wiDgs, exaftly accord* 
ing to their feveral lengths and ftrength: the 
principals fet for day and ftrength^ and thefe 
again well lined, faced, and guarded with the 
covers and fecondary feathers, to keep the air 
from paffing through, whereby the ffronger im* 
pulfes are made thereupon. 

And laftLy, to fay no more of this part^ that 
deferves more to be faid of it, what an admirable 
apparatus is there of bones, very ftrong; but 
wichai light and incomparably wrought ! o£ 
joints, which open, flxut^ and every way move, 

gknildy repAfbued'the uppenm^ cdj^e of one of thefe lasfrkic is 
PigL 1 8. witli-fouie of thefaairt on each fide, raagaifled with a mi- 
crofisope. Thefe bearded briAleiy or hain> on one fidt the lailMflley 
haveftraM beards, as in Fig. 19. thofe on the other ftde> hove hooked 
beards on one fide the (lender pan of the briftle, and fitait onctotf 
the other, as in Fig. 20. B«di theA forts of briftles m^nifiedi (odAj 
fcattering, and not clofe,) are reprefented as they gro«r upoft'thir 
upper edge of the lamina S t, in Fig. 18. And in the vane, the 
heokfid beards of one lamina always lie next the llrait leards^ the 
next lainina j and by that means look and hold each other $ aa^ by 
sr pretty mechanififtr, bracethelamina<clofe to one another. Ab\l 
if;st any time the vane happens to be ruffled and difcompofed^ it can^ 
bydtts pretty eafy mechaaifiDi b* reduced and repaired. VfdeiMold 
ir» chap; la. 

according 



Jl tHX TAILS OF BIRDS. 

tccordtng to the occafions either of extending it 
in flighty or withdrawing the wing again to the 
body ! and of various mufcles ; among which 
the peculiar ftrength of the peftoral mufcles de- 
lerves efpecial remark^ by reafon they are much 
ftronger ' in birds than in man^ or any other ani- 
nialj not made for flying ! 

TV. Next the wings^ the tail is in flight con- 
fiderable ; greatly aififting in all afcents and de- 
fcents in the air, as alfo ferving to (teady flight % 

by 

* ' Pe£toralct mufculi hominis fleQentet humerosy panrictparum 
' carnoli iunt ; non aeqnant 50am aut 7Mm partem omniom muf* 

* colornm hominit. £ contra in Avibus, pc^torales mufculi vaftif- 
' fimi funt, et aequant, imo ezcedunt, ct magit pendent, quam reli« 

* qui omnes mufculi ejuOem avis fimul fumpti.' Borcll. de Mot. 

* Animal, vol. x. pr«p. 184* 

Mr. Willoughby, having made the like oblervatioDy hath this 
icilc^^on on it. * Whence, if it be poffible for man to fly, it is 
^ thought by them who have curioufly weighed and confideved the 

* matter, that he that would attempt fuch a thing with hopes of fuc- 
' eels, mult fo contrive and-adapt his wings, that he may make ufe of 

* his legs, and not his arms, in managing them :' (becaufe the mufcles 
' of the legs are ftronger, as he obfenres.) Willough. Omith. I. i. 
Cp i. fe£t. 19. 

« Mr. Willoughby, Ray, and many others, tmagine the prinei* 
pal ufe of the tail to be to fieer and tarn the body in the air as a rud* 
der. But Borellihath put it beyond all doubt, that this is the leaft. 
ufe of it, and that it is chicfty toailift the bird in its afcents and de* 
icents 10 . the air, and to obviate the vacillations of the body anci 
wings* Foff as for turning to this or that fide, it is performed by. 

the 
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by keeping the body upright in that fubtle and 
yielding medium, by its readily turning and an- 
fweriiig every acillation of the body. 

And now to the parts ferving to flight, let us 
add the nice and complete manner of its per- 
formance; all done according to the ftrifteft 
rules of mechanifm^. What rower on the wa- 
ters, what artift on the land, what acuteft ma- 
thematician could give a more agreeable and ex- 
aft motion to the wings, than thefe untaught fly- 
ing artifts do to theirs ! Serving not only to bear 
their bodies up in the air, but alfo to waft them 
along therein, with a fpeedy progreffive motion, 
as alfo to fteer and turn them this way and that 
way, up and down, fafter or flower, as their oc- 
cafions require, or their pleafure leads them. 

V. Next to the parts for flight, let us view the 
feet and legs miniftering to their other motions : 
both made light, for eafier tranfportation through 
the air ; and the former fpread, fome with mem- 

the wings and inclinations of the body and but rery little by the hel^ 
of the tail. 

"* See Borelli, ubi fupra, prop. i8a, &c. 

Vol. II. C brancs 
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brancs for fwimming ^^ fomc without, for fteady 
going, for perching, for catching and holding 
of prey % or for hanging by the heels, to gather 
their food % or to fix themfcLvcs in their place of 
retreat and fafety. And the latter, namely, the 
legs, all curved for their €afy perching, roofting, 

* It is coofidenibU io all \varer*fbwl, how exadly their legs and 
feet correfpood to that way of life. For either their legs are long, 
to enable them to wade iD the waters : in which cafe, their legs are 
bare of feathers a good way above the knees, the more conveniently 
for this purpole. Their toes alfo are all broad ; and in fuch as bear 
the name of mud- fuckers, two of the toes are fomewhat joined^ 
that they may not cafily fink in walking upon boggy places. And 
as for (uch as are whole- footed, or whofc toes are webbed together, 
ptceipt fbme few, their legs ar^ generally fhort, which is the moft 
convenient iiic for fwimming. And it is pretty enough to fee how 
artificially they gather up their toes and feet when fhey withdraw 
their legs, or go to take their flroke; and as artificially again extend 
or opcA their whole foot, when they pieA upon, or drive themfelvcs 
forward in the \\ aters. 

* Some of the charaftci'iftics of rapacious birds, are, * to have 
' hookedy ftroDg, and iharp-potmed beaks and talons, fitted for 
' rapine, and tearing of flcfli ; and (trong and brawny thighs, for 
• ftriking down their prey.' Willoughby Ornith. L ii. c. i. Rail. 
Synopf. Av. Method, p. i. - 

' Such birds as climb, paricularly thofe of the wood-pecker- 
kind, have for this pur|H>rc, («* Mr. Willoughby oblcrves, I. ^. c. 4 ) 
1, Strong and mufculous thighs. 2. Short legs and very flrong. 
3, Toes ftanding two forv\aids and two backwards. Their toe^ 
alfo are clofc jointed together, that they may more firongiy and 
firmly lay hold on the tree they climb upon. 4. All of them— - 
have a hard (lifF tail, bending alfo downwards, on which they lcan> 
and Co bear up themfcUcs in climbing. 

and 
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and reft, a» alfo to help them tipoil their wings 
in taking their flight, and to be therein commo- 
dioufly tucked up to the body, fo as not to ob- 
ftruft their flight. In fome long, for wading 
and fearching the waters ; in fome of a moiderate 
length, anfwerable to their vulgar occafionsj 
and in others as remarkably fliort, to anfwer their 
efpecial occafions and manner of life *. To all 
thefe let us add the placing thefe laft mentioned 
parts in the body. In all fomewhat out of the 
center of the body*s gravity ^, but in fuch as 

■ 

* Swifts and fwaliovvs have remarkably fhort legs, efpecially the 
former, and their toes grafp any thing very ftrongly. All which is 
ufcful to them in building their neAs, and other fuch occafions as 
necefiitate them to hang frequently by their heels. But there is far 
greater ufe of this flruChire of their legs and feet, if the reports be 
true of their hanging by the heels in great dufters, after the manner 
of bees, in mines and grottos, and on the rocks by the Tea, all the 
winter. Of which latter, I remember the late learned Dr. Fry told 
this (tory at the univerfity, and coofiimed it to me fince, viz. that an 
ancient fifherman, accounted an honeft man, being near fome rocks 
on the coaft of Cornwall, law at a very low ebb, a black lift of 
fomething adhering to the rock, which when he came to examine^ 
he found it was & great number of fwallows, and, if I mifremember 
not, of fwiftsalfo, hanging by the feet to one another, as bees do; 
which were covered commonly by the Tea waters, but revived in his 
warm hand, and by the fire. All this the iiJherman himfelf aflured 
the doctor of. Of this, fee more, chap. 3. of this book. 

^ In birds that frequent not the waters, the wings are in the 
centre of gravity, when the bird lies along, as in flying ; but when 
it ftands or walks, the eredion of the body throws the centre of 
gravity upon the thighs and feet. 

C z fwim> 
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fwim, more than in others, for the better rowing 
their bodies through the waters, or to help them 
in their diving too ^. 

f Sec clwp. 4.. 
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CHAP. II. 



OF THE HEAD, STOMACH, AND OTHER PARTS OF 

BIRDS. 



'TpHUS having difpatched the parts princi- 
-■• pally concerned in the motion of the 
feathered tribe, let us proceed to fome other 
parts not yet animadverted upon. And we will 
begin with the head, concerning which I have 
already taken notice of its Ihape for making way 
through the air ; of the make of the bill, for 
gathering food, and other ufes ; the commodious 
fituation of the eye ; and I might add that of the 
ear too, which would be in the way, and obftruft 
flight, if it was like that of moft other animals : 
alfo I might fay a great deal of the conformation 
of the brain ^, and of the parts therein wanting, 

and 

^ < Cerebri hominum et quadrupedum in plerifqiie fitnilia ox- 
* illint.— Capitibus volucrum ct pifcium contenta, ab utrifque pri- 

C 3 oribus 
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and of others added, like to what is oblervable 
in fiflies ; whofe pofture in the waters refembles 
that of birds in the air% and both very different 
from man and beads 5 and laflly^ to hint at no 
more, I might furvey the peculiar ftruifture of 
the larynx ^, the tongue k, the inner ear ^, and 

many 

* oribai longe diverfa, tamen inter fe, quoad przcipuas ly%tfu>^ 

* partefi fymboia repcriuntur.' The particulars wherein the brains 
of birds and 6lhet agree with one another, and wherein they dififer 
from , the brain of man and beafl, fee in the fame juHly famous 
authori Willis. Cereb. Anat. c. 5. 

* ' Circa bifurcationem afperz arteriz, elegans artificis libere 

* tgencis indicium detegitur ex avium comparaiione cu|d quadruped « 
1 ibtts : cum vocii gratia in diveriis avibu^ diverfam murculoruni 
' fabricam bifurcation! afperae arterix dpderit> quorum nullum 
' veftigiura extatin homine ct quadrupedibus mihi vifis, ubi omnes 

* vocis muiculos capiti artcris junxit. Id aquila, etc. f\ipra bifur^ 

* cationemi' etc. Steno in Blaf. Anat. Animal, p. ^. c. 4. 

' The afpcra arteria is very remarkable in the fwan, which is thus 
defcribed by T. BarthoUoy viz. * Afpera arteria admirandx fatis 
ftruftuiia. Nam pro colli longitudine deorfum oefophagi comes 
protenditur donee ad ficrnum perveniat, in cujus capfulam fe in- 
curvo flexu infinuat et recondit, velut in tuto loco et theca, mox- 
que ad fundum ejufdem cavititis delata furfum refle6litur, cgredi- 
Curque anguftias fieriu, et clavicuHs mediis confcenfis, quibus ut 

fulcfo nititur, ad thoracem. fe fleflit Miranda hercle modis 

onuiibus conJditut'o et rcfpirationi infervitct voci. Nam euro in 
fiagnorum fundo cdulia pro vi£lu quxrat, longiflfimo indiguit 
collo, ne longa mora fuifv^^cationis incurrerct peiiculum. Etcerte 
dum dimidiam fcrc horatp toto capite et collo pronis vado immer- 
gitur^ pcdibus in altuia clatis cocloquc obverfis, ex ea aFterise 

' qua 
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many matters befidcs; but for a fample, I fliall 
dnly infill upon the wonderful provifion in the 
bill for the judging of the food, and that is by 

peculiar 

* quae pe£^oris difbe vaginae rectufa eft portioh^, timquam 6% ctftido 
' promo fpiritum haurit.^ Blaf. ib. c lo. 

» The ftrufturc of the tongue of the ^ood-pecker h very fiogulaJ: 
and remarkable, whether we lopk at its great length, its bones an4 
mufcles, its encompaffing part of the neck and head, the better to 
exeit it(elf in length , and again, to rctraft it into its cell ; and lafl- 
ly, whether we look at its fliarp, horny, bearded point, and the 
glewy matter at the end of it, the better to flab, to flick Unto, and 
draw out little maggots out of wood. * Utilis enim picis (Dnth 

* Coiter) ad vermiculos, formicas, aliaque infe^hi venanda talis 

* lingua foret. Siquidera picus, innata fua fagatitate cum depre* 

* hendit alibi in arboribus, vel carie, vcl alia de caufa cavatis, ver« 

* mes infe£laque delitefcere, ad illas volitat, fefcque digitis, ungulif- 
< que pofterioribus robuftiHimis, et caudx pennis rigidiilimis fuf- 

* tentati donee valido ac peracuto roftro arborem pertundat : arbore 

* pertufa, foramini roftrum immittit, tc quo animdlcula ftridottt 

* ezcitetpercellatque, magnam in arboris cavo emittit vocem, infe^ii 

* vociferatione hac concitata hue illucque repunt; picus ver^dinguam 

* fuam exerit, atqueacuteis hamifque animaliainfigtt, infixa atttahit 
^ et devorat.' Vide Blalii, ubi fupra, p. 2. c. 24. 

^ I have t)eforc, in book iv. chap. 3. taken notice of \^h^ others 
have obferved concerning the inner ear of birds, referring my c^kh. 
obfervations for this place : which I hope may be acceptable, tstfi 
only for being feme of them new, but alio ihewingthe mechanilhi 
of hearing ing eneral. 

In this organ of birds, I (hall take notice only of thi^ee parts, 
the membranes and cartilages; the columella; and the conclave, 
the drum, as fome call it, or membrana tympani, as others, coA« 
(ifts of two BMBibranes, the outer, which covers the whoitf meatus^ 

C 4 hifoUp 
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peculiar nerves lodged therein for that purpofe ; 
fmall and lefs numerous in fuch as have the 
affiftance of another fenfe, the eye; but large, 

mpre 

bafoQ, or drum, as fome call it, and the inner membrane. To fup- 
port, diAendy and relax the outermoft, there is one tingle cartilage, 
reaching from the fide of the meatus, to near the middle of the 
membrane. On the top of the columella is another cartilage, con*^ 
Ming of three branches, a, b, c, in Fig C3. The longed middle 
branch, a, is joined to the top of the fingle upper caitllage before 
fpoken of, and afHfts it to bear up the upper outer membrane : the 
two branches, b, e, are joined to the os petrofum, at fome didance 
from the outer membrane : upon this inner cartilage, is the inner 
membrane fixed, the two outer fides of which, a, b, and a, e, are 
joined to the outer membrane, and make a kind of a three fquare 
bag. The defign of the two branches or legs of the cartilage, b, c, 
are, I conceive, to keep the cartilage and columella from wavering 
fide ways, and to hinder them from flying too much back : there 
is a very fine (lender ligament extended from the oppofite fide, quite 
acrofs the meatus or bafon, to the bottom of the cartilage, near its 
joining to the columella. Thus much for the membrana tympani, 
and their cartilages. 

The next part is the columella, as Schclhammer calls it. This 
IS a very fine' thin, light, bony tube ; the bottom of which fprcads 
about, and gives it the refemblance of a wooden pot lidy.fuch as I 
have feen in country-houfes. It exa£tly iliuts into, and covers a 
foramen of the conclave, to which it is braced all round, with a 
fine fubtle membrane, compofed of the tender auditory nerve. 
This bottom orbafe of the columella, I call the operculum. 

Thelaft part, which fome call the labyrinth and cochlea, confid- 
ing of branches moie like the canales femicircularcs in man, than the 
cochlea, I call the conclave auditus. It is, as in mod other ani- 
mals, made of hard context bone. In moft of the birds I have 
opened, there arc circular canals, fome larger, fome leiTer, croifing 

one 
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more numerous, and thickly branched about, to 
the very end of the beak, in fuch as hunt for 

their 

ene another at right angles, which open into the conclave. But ia 
the goofe it it othenvifc, there being cochleous canals, but not like 
thofc of other birds. In the conclave, at the fide oppofitc to the 
operculum, the tender part of the auditory nerte enters, and 
lineth ail thofc inner retired parts, viz. the conclave and canals. 

As to the paflages, columns, and other parts obfervable in the 
-tar of birds, I /hall pafs them by, it being fufficicnt to my purpofe, 
to havedefcribed the parts principally concerned in the a6l of hear* 
ing. And as the ear is in birds the moft funple and incomplex of 
any animal's ear ; Co we may from it make an eafy and rational judg- 
ment, bow hearing is performed, viz. found bemg a tremor or un« 
dulation in the air, cau(ed by the collifion of bodies, doth, as ic 
moves along, ilrike upon the drum, or membi*ana tympani, of the 
ear : which motion, whether ftrong or languid^ ihrili or foft, tune* 
fitl or not, is at the fame inftant impreifed upon the cartilages, 
columella, and operculum, and To communicated to the auditory 
penre in the conclave. 

And now if we compare the organ and z€t of hearing with thofc 
of fight, we ihall 6nd that the conclave is to hearing, as the retina 
is to fight ; that fonorous bodies make their imprefTions thereby on 
the brain, as vifible objedls do by the retina. Alfo, that as there is 
an apparatus in the eye, by the opening and ihutting of the pupil, 
to make it correfpond to all the degrees of light » To there is in rhe 
ear, to make it conformable to all the degrees of found, a nobfe 
train of little bones and mufcles in man, &c. to drain and relax the 
membrane, and at the (ame time to open and ihut the hafis of the 
Hapes (the fame as what I call the operculum in birds :) but in Hrds 
there is a more fimple but fufficient apparatus for this purpofe, 
tender cartilages, inftead of bones and joint'i, to correfpond to the 
various imprefiions of founds, and to open and (hut the operculum, 
Befides which, I fufpe£l the ligament I mentioned, is only the ten* 
don of a mufclt, reaching to the inner membrana tympani, and 

join* 
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their food out of fight in the waters, in mud, or 
under ground K 

And now from the head and mouth, pafs we- 
to its near ally, the ftomach, another no lefs not- 
able than ufeful part j whether we confider the 
elegancy of its fibres and mufcles, or its multi- 
plicity ; one to foften and macerate, another to 
digeft ; or its variety, fuited to various foods, 
fome membranous, agreeable to the frugivorous, 

joined thereto, at I find by a ftri^r Icnitinyyand net to the ctrtilafc, 
as I imagined. By this mufdey the inner membrane, and by means 
of that the outer alfo, can be dtflended or relased, at it is m man, 
by the malleus and its mufde, &c* 

* « Flat-billed birds, that grope for their meat, hare three pair of 

< nerres, that come into their bilir, whereby they have that ac- 

* curacy todiftmguiih what is proper for food, and what to be re- 
« jeftcd by their tafte, when they do not fee it. This was moft evi- 

* dent in a ducks bill and head ; ducks having larger nerves that 

* come into their bills than geefe, or any other bird that I have f een 5 

* and therefore quafer and grope out their meat the moft. Bwt 

* then I dtfcovered none of thele nerves in nnmd-billed binis. But 

* (tnce, in my anatomies m the country, in a rook, I firft obferved 

* two nerves that came down betwixt the eyes into the upper bill 

* but Gonfiderably fmalkr than any of the three pair of nerves in 
' the bills of ducks, bat kurger than th nerves in any other round- 
' billed birds. And it it remarkable that thefe birds, more than 

* any round biUed birds, feem to grope for their meat in cow*dung,' 
Ice. Mr. J. Clayton, in Philofo. TranT. No. 2o6« 

' I obferved three pair of nerves in ait the broad-billed birds that 

* I could meet with, and in all fuch at feel for their food out of 

* fight, as fnipes, woodcocks, curlews, geefey duckt, teals, widgeons, 

< &c. Thefe nerves are vary kuge^ c^ntUing almoft the optio 

* nerve 
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or 

ftrong , - 

ing of corn and grain> and 
dcfed of teeth 



carnivorous kind; fome mufculous and 

mg ^, fulted to the comminution, and grind* 

of corn and grain, and fo to fupply the 



And now to this fpecimen of the parts, I might 
add many other things, no lefs curiouily contriv* 
ed, made, and fuited to the occaiions of thele 
volatiles ; as particularly the ftruAure mid lodgc^ 
meat of the lungs ^j the configuration of the 

breaft, 

< nerve in thicknefs.-^— Twq are difiribute^ nigh the end of the 

* upper billy and are there very much expanded, paifing through the 

* bone into the membrane, lining the roof of the mouth.' Dr. A.' 
Mouleuy ibid. No. 199. Or both in Mr. Lowihorp's Abridg, 
ToU II. p. 86 ii 86«. 

^ The gizxard it not only made very ftrong, efpecially in the 
gvanivorous ; byt bath alfo a faiculty of grinding what it therein': 
for which purpofe, the bird fwalloweth rough ftonesdown, which 
when grown fmooth, are re jelled and caft out of the ftomach «a 
i^releff. This grinding ^ay be heard ii) falcons, eagles. Sec. bj 
laying the ear clofe to them, when their ftomachs are empty, as the 
famous Dn Harvey laith, De Gener. Exer 7. 

As to the Ihength of the gizzard, and the ufe of flones to the 
digefiion of fowls, divers curious experiments may be met v/Uhp. 
tried by figneur Redi, with glais bubbles^ folidglals, diamondst and 
othpr hard bodies. See hisJSxp. Nat. 

■ It is no left remarkable in birds, that their lungs adhere to the 
thorax, and have but little play, than that in other animali they are 
looie, and play much, which b a good provilion for their fteadj 
flight. Alfo they want the diaphragm, and inftead thereof have 

divers 
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breaft^ and its bone, made like a keel, for com- 
modious paffage through the air, to bear the 
large and ftrong mufcles, which move the wings, 
and to counterpoife the body, and fupport and 
reft it upon at rood. The neck alfo might de- 
fcrve our notice, always either exactly propor- 
tioned to the length of the legs, or elfe longer, 
tp hunt out food, to fearch in the waters "*; SA.alfo 
to counterpoife the body in flight ". And laftly, 

1 might 

dWets large bladders made of thin tranfparent membranes» with 
pretty large holes owfof one into the other. Thefe membranes 
feem to me to (erve for ligaments, or braces to the vifcera, as well 
as to contain air. Towards the upper part, each lobe of the lungs 
is perforated in two places, with large perforations ; whereof one is 
towards the outer, the other towards the inner part of the lobe. 
Through thefe perforations, the air hath a palTage into the belly 
as in book i. chap. i. that is, into the forementioned bladders ; fo 
that by blowing into the afpcra arteria, the lungs will be a little 
raifed, and the whole belly blown up, fo as to be very turgid. 
Which doubtlefs is a means to make their bodies more or lefs 
buoyant, according as they take in more or lefs air to facilitate 
thereby their afcents ^nd dcfcents j like as it is in the air bladders of 
fiihes, in the lail cited place. 

^ * Such birds as havs long legs, have alfo a long neck ; for that 
^ * otherwife they could aot commodioufly gather up their food, 

* either on land, or in the water. But on the other fide, thofe 

* which have long necks, have not always long legs, as in fwans— 
< whofe necks ferve them to reach to the bottom of rivers,' &c. 
Willoughby'sOrniihol. 1. i. feft 7. 

% " We have fufHcient inftances of this in getft, ducks, Sec, 

whofe wings (rheir bodies being made for the convenience of Avim- 
ming. } are placed out of the centre of gravity, nearer the head. 

But 
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I might here take notice of the defedl of the dia- 
phragm, fo neceflary in other animal s. to refpira- 
tion ; and alfo of divers other parts redundant, 
defedtive, or varying from other aflimals. But 
it would be tedious to infift upon all 3 and there* 
fore to the examples already given, I would ra- 
ther recommend a nice infpedion ^ of thofe cu- 
rious works of God, which would be manifeft 
demonflrations of the admirable contrivance and 
oeconomy of the bodies of thofe creatures. 

From the fabric therefore of their bodies, I 
ihall pafs to a glance of one or two things, re* 
latitig to their ftate ; and fo conclude this genus 
of the animal world. 

But the extending the neck and head in flight, caufeth a due xqui- 
poiie and libration of the body upon the wings j which is another 
excellent ufe of the long necks of thefc birds, befides that of reath* 
ing and fearcbiug in the waters for their food. 

But in the heron, whofc head and long neck, ahhough tucked up 
in ilighti over-balance the hinder part of the body ; the long legs 
are extended in flight, to counterpofe the body ; as well as to fupply 
what is wanting in the tail, from the fliortnefs of it. 

• Steno thus concludes his myology of the eagle, ' Imperfe£^a 
' h«c mufculonim defcriptio, non minus arida eft legentibus, quam 
' infpe6lantibus fuerit jucunda eorundem praeparatio. Elegantiflima 
^ enim mechanices artificia, creberrime in illis obvia, verbis non 

* nifi obfcure exprirauntur, camium autem du£hi, tendinum colore,. 

* infemonum proportione, et trochlearum diftributione ocalis cx- 

* p«flui omnem fuperant admirationem.' S(eno inBlaf. Anat. Ani, 
anal. p. a. e, 4. 

CHAP. 
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CHAP. IIL 



OF THE MIGRATION OF BIRDS, 



/CONCERNING the ftate of this tribe of ani. 
^^ malSy the ftrft thing I fliall fpeak of, by r^a* 
fon God himfelf inftanceth it, fliall be their 
migration^ mentioned Jer. viii. 7. « Yea, the 
^ ftork in the heaven knoweth her appointed 

* times> and the turtle, and the crane, and the 
^ fwallow obfervc the time of their coming ; but 

* my people,* &c. 

In which aA of migration, there are two things 
to me exceedingly notable. One is what the 
text fpeaks of, their knowing their proper 
times ifor their paflage, when to comeP, when 

r « Curiola res cff, fcire, quam cxafte hoc genus avium [graurt] 
" qttotaiinis obfervet tempora fui rcditus sA! xk>s. Anno ittj, 
* primae gnics companierant in campef&ibur Fife to Feb. &c. 
F. Red! Exp. Nat. p. lOO. ubiplura. 



to 
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to go; as alfo that fome ihould come^ when 
others go; and fome others go, when thefe 
come. There is no doubt but the temperature 
of the air, as to heat and cold, and their natural 
propenfity to breed their young, may be great 
incentives to thofe creatures to change their ha- 
bitation : but yet it is a very odd inftind, that 
they ihould at all ihift their habitation^ that 
fome certain place is not to be found in all the 
terraqueous globe, affording them convenient 
food and habitation all the year, either in the 
colder climes, for fuch as delight in the colder 
regions ; or the hotter, for fuch birds of paffage 
as fly to us in fummer. 

Also it isfomewhat ftrange, that thofe untaught, 
unthinking creatures ihould fo exadtly know the 
beil and only proper feafons to go and come. This 
gives us good reaibn to interpret the n>iy»o ap^ 
pointed tifMi'i in the text, to be fuch times as the 
Creator hath appointed thofe animals, and hath 

4 From *Ty^ ' indixity confiituit, fcil. locumy vel tempos^ ubt 
' vel ^ando aliquid fieri debet.' Buxt. in verb. 

< Devolantatefua certioretn reddidit.* C. Kircher Concordant. 
Pars I. Col. 1846. 13^)0 ' Generaliter pro re aliqua certa, at- 
' teflatay ec defmita acdpitur. i. Pro tempore certoet confiitttto. 
* 2. Dcinde pro fefto feu fblennitate, quae certo et ilato temporo 
< celebxatun 3. Pro loco certo coaftituto/ Id. ibid. Col. 1847. 

accord- 
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accordingly, for this end, imprinted upon their 
natures fuch an inftindl, as exciteth and moveth 
them thus, at proper times, to fly from a place 
rfiat would obftrud their generation, or not af- 
ford convenient food for them, and their young, 
and betake themfelves to another place, affording 
all that is wanting for food or incubation* 

And this leads me to another thing remarkable 
in this aft of migration ; and that is, that thofe 
unthinking creatures fliould know what way to 
fleer their courfe "■, and whither to go. What 
but the great Creator's inftinft fliould ever move 
a poor foolifli bird, to venture over vafl: tracks of 
land, but efpecially over large feas? If it fliould 
be faid, that by their high afcent up into the air, 
. they can fee crofs the feasj yet what fliould 
teach or perfuade them, that that land is more 
proper for their purpofe than this ? That Britain, 

' * Quis non cum admiratione vldeat ordiDem et politiam pere- 

* grinantium avium^ in itiaere, turmattm volantiuniy per longos 

* terrarum ct maris tra6lus abfque acu marina— —Quis cas certum 

* iter in aeris mutabili regione docuit? Quis prartcritae figna, cc 

* futurae vix indicia? Quis eas ducit, nutrit, et virae necefTaria 

* miDiflrat ? Quis infulas et hofpitia ilia, in quibus vi£lum repcnar^ 

* indicavit ; modumque ejufmodi loca in peregrinationibusfuis in«' 

* veniendi? Haecfanefuperant hominum captum et induftriam, qui. 
' non nifi longis experieotiis, multis itineraritSychartisgcograpluci$ 

* — ^ct acu» magnetics beneficio,—— ejufmodi marium et terra- 

* mm tra^lus conficere tentant, ct audent.' Lud. de Beaufort. 
Cofm. Divinty (cQ. 5.0. 1. 



or 



TH£ MIGRATION OF BIRDS, 49 

for inftance, fliould afford them better accom- 
modations than Egypt % than the Canaries, than 
Spain, or any of thofc many intermediate places 
over which fome of them probably fly. 



* I inftance particularly in Egypt, becaufe Mr. Willoughby thinks 
fwa)lo\vs fly thither, and into Ethiopia, &c. and that they do hoc 
lurk IB holes, or under water, as Olaus Magnus reports. Vide 
Ornirh. 1. 2. c. 3. But Etmullerputs the matter out of doubt, who 
faith, ' Memini me pi arcs, quaro quas medimnut ceperit, hiruodi- 
' nes arfle coacervatas inter pifcinae cannas, fub glacie prorfus ad 

* fenfum exanimes, pulfantes tamen, reperiiife.' Etmul. DifTert. 2. 
c. 10. fe6t. 5. This, as it is like whatOI. Magnus faith, fo it is a 
aconArmationof it. The archbifhop's account is, ' In feptentrion* 

* alibus aquis faepius cafu pifcatoris extrahuntur hirundines, in mo- 
' dum conglomerats malTae, quae ore ad os, et ala ad alam, et pede 
' ad pedem poll principium autumni fcfe inter cannas defcenfurae 

* colligarunt. — Mafla autem ilia per impehtos adolefcentes— extrac- 

* ta, atqne in xftuaria portata, caloris acceflu hirundines refolutae, 
' volare quidem incipiunt, fed exiguo tempore durant.' OI. Mag. 
Hift. 1. 19. c. 20. 

Since my penning this note, we had, at a meeting of the Royal 
Society, Feb. 12, 1712-13, a farther confirmation of fwallows re* 
tiring under water in winter, from Dr. Colas, a perfon very curi- 
ous in thefe matters ; who fpeaking of their way of fifliing in the 
northern parts, by breaking holes, and drawing their nets under the 
ice, faith, that he faw fixteen fwallows fo drawn out of the lake of 
S^mrodt, and about thirty out of the King's great pond in Rofinei- 
len i and that at Schlebittin, near an houfe of the Earl of Dohna, 
he faw two f\\ allows jull come out of the waters, that coald fcarce 
(land, being very wet and weak, with their wings hanging on rhe 
ground ; and that he hath obferved the fwallowa to be often weak 
for fome days after their appearance. 

Vol. II. D And 
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And laftly^ to all this, let us briefly add the 
accommodations thefe birds of paflage have to 
enable them to take fuch long flights, viz, the 
length of their wings, or their more than ordi- 
nary ftrength for flight K 

* As fwallows are well accommodated for loog flightf , by their 
long wingty fo are quails by the ftrength of their pe^boral mufcles, 
by the breadth •£ their vings, &c. For quails have but (hort 
wings for the weight of their body j aod yet they fly from us into 
warmer parts againft winter, and to us in the fpring, crolling our 
leas. So divers travellers tell us, they cro(< the Mediterranean 
twice a year, flying from Europe to Africa, and back again : thus 
Bellonius, in Mr. Willouhgby, faith, ' When he failed from Rhodet 

* to Alexandria of Egypt, many quails, flying from the north to* 

* wards the fouth, were taken in ourfliip ; whence I am verily per* 
' fuaded, that they ihift places : for formerly alfo, when I failed out 
' of the ifle of Zant to Morea, or Negropont, in the fpring time, I 
< bad obfenred quails flying the contrary way, from fouth to norths 

* that they might abide there all fummer. At which time alfo, 

* there were a great many taken in our ihip.' Ornith. p. 170. 



CHA 
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CHAP. IV. 



OF THE INCUBATIOW OP BIRDS, 



A NOTHER thing relating to the ftate of this 
^ ^ tribe of animals, is their incubation* 

And firft^ the egg itfelf deferves our notice. 
Its parts within, and its crufty coat without, are 
admirably well fitted for the bufinefs of incu- 
bation. That there ihould be one part provided 
for the formation of the body % before its exit 

into 

* The chicken is formed out of, and noarifiied by the white alone, 
*■ till it be grown great* The yolk fenres for the chicken's nouriih- 

< ment^ after it is well grown 9 and partly alfo . after it is hatched, 

* For a good part of the yolk remains after exclnfion, being received 

* into the chicken' s belly ; and being referred, as in a (lore houfe, 

< is by the [appendicular or du&us tnteftinalis,] as by afunncli con«fl 

< veyed into the guts, and fenres inftead of milk/ &c. Willough- 
by'sOmith. 1. i. c. 3. * Ipfum animal ex albo liquore ovi cor* 

* poratur* Cibas ejus in luteo eft*' PUn.l. 19. c. 53. 

Da Af iftodt 
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into the world, and another for its nourifhment, 
after it is come into the world, till the bird is 
able to Ihift for, and help itfelf ^ and that thefe 
parts fhould be fo accurately braced, and kept 
in due place % is certainly a defigned, as well 
as curious piece of workmanflap. 

Aiiftotlc faith * The long (harp eggs bring females; the round 

* ones, uith a larger compafs at the (harper end, males.' Hift. 
An. I. 6. c. 1. Afrer which be tells of a fot at Svracufe, that fat 
drinking (o long, till tggs were harched ; a& alfo of the cuftom of 
E^ypt, of hatching eggs in dunghills. 

' As the (bell and (kin keep the yolk and two whites together; 
{a each of the parts (theyo!k and inner wliite at lead) are feparaied 
by membranes, involving ihcm. At each end of the egg is a 
ticddle, fo called, becaufc it was formerly thought to be the fpcrm 
of the cock. * But the ufe of ihefc, (faith Dr. Harvey, inWil-, 

* loug. Oniith. c. 3.) is to he as it were, the poles of this microcofm, 

* and the connefVions of all the mcmSiancs twirted and knit together, 

* by which the liquors are not onlv conferved, each in its place, 

* but do alfo rctuia their due pof.tion one to another.' This al- 
thouuh in a great meafure true, yit doih not come up to what I 
have n^yfelf obftrvtd j fori find, that ihefe chalzae, or trcddles, 
fcrve not barely to keep the liquors in their place, and pofition to 
oi)e another ; but alfo to keep one and the famepait of the yolk up- 
pcrmoft, let the egg be turned nearly which way it will j which is 
d'»ne by this mcch^jnifm : the cbal/ae are fpecifically lighter than 
tl^.e whites, in which they fwim ; and being braced to the membrane 
of the yolk, not exa£lly in the axis of the yolk, but fomewhat out 
of it, caufeth <»ne fide of the yolk to be heavier than the other; fo 
that the yolk being by the chalzae made buoyant, and kept fwim- 
miog inthcmidft of t\vo whites, is by its own heavy fide kept with 
the fame fide always uppermoft ; which vppermoft fide, I have fome 
reafon to think, is that on which the cicatricula lies ; that being com- 
ntonly uppermoft in the ihell, eipecially in fome fpecies of eggs more 
I think, than others. 

And 
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And then as to the aft itfelf of incubation, 
what a prodigious inftinft is it, in all or almoft 
all the feveral fpecies of birds, that they, and 
only they, of all creatures, Ihould betake them- 
felves to this very way of generation ! How ihould 
they be aware that their eggs contain their young, 
and that their produftion is in their power ^! 
What fhould move them to betake themfelves 
to their nefts, and there with delight and pa- 
tience to abide the due number of days! And 
when their young arc gotten into the world, I 
have already fliewn how admirable their art, 
their care, and sropy.!* is in bringing them up until, 
and only until, they are able to ihift for them- 
felves. 

And daftly, when almoft the whole tribe of 
birds do thus, by incubation, produce their 
young, it is. a wonderful deviation, that fome 
few families only ftiould do it in a more nover- 
cal way % without any care or trouble at all, 

only 

• All birds lay a ccrtaio number of eggs, or nearly that number, 
and then betake themfelves to their incubatioD 1 but if their eggs be 
withdrawn, they will lay more. Of which, fee Mr. Ray's Wifdora 
of God, p. 137. 

*■ The tahon is a bird no bigger than a chicken, but is faid to lay 
an egg larger than a goofe-s egg, and bigger than the bird itfelf. 
Thefe they lay a yard deep in the fand, where they are hatched by 
the warmth of the fun , after which they creep out, and get to 

D 3 fea 
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only by laying their eggs in the fand, expofcd 
to the heat and incubation of the fun. Of this 
the Holy Scripture itfelf gives us an inftance in 
the oftrich : of which we have an hint, Lam. iv. 
2. * The daughter of my people is become 

* cruel, like the oftriches in the wildernefs/ 
This is more plainly expreffcd in Job. xxxix. 14, 
15* 16, 17. * (The oflrich leaveth her eggs in 

* the earth, and warmeth them in the duft, and 

* forgetteth that the foot may crufh thtm, or 

* that the wild beaft may break them. She is 

* hardened againft her young ones, as though 

* they were not hers; her labour is in vain, 

* without fear. Becaufe God hath deprived her 

* of wifdom, neither hath he imparted unto her 

* underftanding.* In which words I Ihall take 
notice of three things: i. Of this anomalous 
way of generation. It is not very ftrange, that 
no other incubation but that of the fun, Ihould 

fea for provifions, Navarette's account of China, in Colle£b. of 
Voyage*, vol. i. This account is, in all probability, borrowed 
from Kieremberg, or Hemandezy (that copied from htm,} who 
calls this bird by the name of Daie, and its eggs tapun, not the bird 
itfelfy as Nararette doth. But ray friend, Mr. Ray, faith of it, 

* Hifioria ifthsc proculdubio fabulofa et falfa eft. Quamvis enim 
aves nonnullae maxima ova pariwnt, uS v. g. Alkx, Lomu^iKf 
« Arates, Ar6licx, &c. hujufmodi tamen unum duntaxat, non plura> 

* ova ponunt antequam incubent : nee uUam in rerum natura avem 
« dariexiflimo cujus ova albumine carcaut. Cum albumen praecipua 

* ovipars (ity quodque primum fcetui alimentum fubminiflrat.' Raii. 
Synop. Av. Mcth. p. 155. 

produce 
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produce their young; but it h very odd and 
wonderful that any one fpecies fliould vary at all 
frona the reft of the tribe. But above all, i. The 
finglc care of the Creator, in this cafe, is very 
remarkable, in fupplying fome other way the 
want of the parent-animaPs care and irofy^y, fo 
that the young ftiould, notwithftanding, be bred 
up in thofe large and barren defarts of Arabia 
and Africa, and fuch like places where thofe 
birds dwell, the moft unlikely and unfitting, in 
all hunian opinion, to afford fuftenance to young 
helplefs creatures ; but the fitted therefore, jta 
give demonftrations of the wifdom, care, and 
efpecial providence of the infinite Creator and 
Confervator of the world. 3. The laft thing I 
jQiall remark is, that the inftindts of irrational 
animals, at lead of this fpecified in the text, are 
attributed to Grod. For the reafon the text 
gives why the ' odrich is hardened againft her 

y * The eggs of the oftrich being buried in the fand, are cherifhed 

* only by the heat of the fun, till the young be excluded : for the 
' writers of natural hifiory do generally agree, that the old birds, 
^ after they have laid and covered their eggs in the iand, foriake 

* them, and take no more care of them.' Willough. Omith* U % 
c. 8. (ed. I. 

But there is another oftrich [of America] which Acaret tells us of, 
that takeA more care of her young, by carrying four of her eggs, a 
little before ihe hatcheth, to four parts of her neft, there to breed 
worms for food for her young. Acaret's Difc. in Phil. Tranf. 

N<^ 89. 

D 4 * young 
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' young ones, as though they were not hers/ 
is, * becaufe God hath deprived her of wifdom, 
* and not imparted underftanding unto her; i. e. 
he hath denied her that wifdom, he hath not 
imparted that underftanding, that zroeyf, that na- 
tural inftindt to provide for and nurfe up her 
young, that moft other creatures of the fame, 
and other tribes, are endowed with. 

Thus I have difpatched what I intended to 
infift upon concerning the ftate of this fet of 
animalsi of which, as alfo of their admirable 
inftindks, a great deal more might deferve our 
efpecial obfervation ; particularly the admirable 
curiofity, art, and variety of nidification% ufed 
among the various fpecies of birds j the great 
Sagacity, and many artifices ufed by them in the 
inveftigation and capture of their prey % the due 
proportion of the more and lefs ufeful, the fear- 
city of the voracious and pernicious, and the 
plenty of the manfuete and ufeful \ Alfo the 
variety of their motions and flight might deferve 
confideration, the fwiftnefs of fuch whofe food 
is to be fought in far diftant places, and different 

» Sec book iv. chap. 13. 

* See book iv. chnp. 11. and 14. 

^ See book iv. the beginning of chap. 10. 

feafons : 
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feafons*^; the flower motion, and (hort flights, 
of others more domeftic ; and even the auk- 
wardnefs of fome others to flight, whofe food is 
near at hand, and to be gotten without any 
great occaiion of flight **. Thefe, and divers 
other fuch like things as thefe, I fay, I might 
have fpoken more largely unto ; but I fliall pafs 
them by with only a bare mention, having al- 
ready taken notice of them in the company of 
other matters of the like nature, and manifefted 
them to be ads of excellent delign, wifdom, and 
providence in the great Creator. 

' See bookiv. chap. 8. 

* The colymbi, or duckers, having their food near at hand m 
the waters, are remarkably made for diving therein. Tbeir heads 
are fmalU bills (harp-poiDtedy wings fmall, legs flat and broady-and 
placed backward, and nearer the uil than in other birds $ and laftlj, 
their feet, fome are whole-footed, fome cloven footed, but with- 
al fin-toed. Vide Willough. Orniih. 1. 3. feft. 5. 
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CHAP. V. 



THE CONCLUSIOlf. 



AND now if we reflcdl upon the whole mat- 
^^ tcr, we fliall here find another large tribe 
of the creation, abundantly fetting forth the wif- 
dom and glory of the great Creator. We praife 
the ingenuity and invention of men, for the con- 
trivance of various pneumatic engines ; we think 
them witty, even for their unfuccefsful attempts 
to fwim in, and fail through that fubtle element 
the air ; and the curious mechanifm of that ar- 
tift is had in remembrance, and praifed to this 
day, who made a dove, or an eagle * to fly but a 
ihort fpace. And is not therefore all imaginable 
honour and praife due to that infinite Artift, 
that hath fo admirably contrived and made all 
the noble variety of birds j that hath, with fuch 
incomparable curiofity and art, formed their bo- 

< Vide book v. chap. 1. 

dies 
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dies from head to tail, without and within, that 
not fo much as any mufcle, or bone, no, not 
even a feather ^ is unartificially made, mifplaced, 
redundant, or dirfedtive, in all th« feyeral fami- 
lies of this large tribe? But every thing is fo in- 
comparably performed, fo nicely fitted up for 
flight, as to furpafs even rhe imitation of the 
moft ingenious artificer among mortal rational 
beings. 

' < Deus non folum angelum, ethomineixiy fednec exiguietcon« 

< temtibilis animanris Yifcen, nee avis penDttlam, nrc hcrbae flofcQ** 

< luro, Dec arboris folium, fine fuarum partium conyeniemia derelH 

< ^uit.' Auguftin. dc Cir. DeL 1. 5. c< x 1, 



» / 
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BOOK vni. 



OF INSECTS AND REPTILES. 



CHAR I. 



OF INSECTS IN GENERAL. 

TTAVING difpatched that part of the animal 
world, which ufed to be accounted the 
more pcrfedt, thofe animals ftiled lefs perfect, or 
imperfed, will next defcrvc a place in our fur- 
vey, becaufe when ftridtly inquired into, we 
ihall find them to be fo far from deferving to be 
accounted mean and defpicable parts of* the crea- 
tion, owing their original and produftion to pu- 
trefaftions, &c. as fomehave thought, that we Ihall 

find 
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find them, I fay,noblc, and moft admirable works 
of God. For as the famous natural hiftorian, Plinys, 
prefaceth his Treatife of Infeds, to prevent the 
reproach of condefcending, as might be thought, 
to fo mean a fubjeft ; * In great bodies, faith he, 

* nature had a large and eafy Ihop to work upon 

* obfequious matter; whereas, in thcfe fo fmall, 
*. and as it were^ no bodies, what footfteps of rea- 

* fon, what power what great perfection is there V 
Of this having given an inftance or two of the ex- 
quifite fenfes, and curious make of fome infects \ 
he then goes on, * We admire, faith he, the tur- 

* rigerous Ihoulders of elephants, the lofty 
« necks and crefts of others: but, faith he, the 
^ nature of things is never more complete than 

> * In magnis fiquidem corpQribus/ &c. Plin.Nat. Hift. 1. ii. 

C. 2. . 

^ < Ubi tor fenfus collocafit in culice ? £t funt alia d\€tu minora. 

* Scd nbi vifum in eo praetendit Ubi guftatum applicavit? Ubi 
4 odoratum inferuic ? Ubiverotruculentam illam et portioDe mazi- 
^ mam vocem ingcneravit ? Qua fubtilicate pennat adoexuit } 
i przlongavit pedum crura } Difpofuit jejunam caveam, uti alvum f 

* Avidam faDguiniSy ct potiffimum humani, fitim, accendic? Telum 
« vero pcrfodiendo tergori, qao fpiculavit ingenio? Atque ut in 

* capaci, cum cerni non poflic exilitas, ita reciproca geminavit arte, 
^ ut fodiendo acnminatum pariter forbendoque fifiulofum efler. Quo» 

* teredini ad perforanda robora cum fono tefte dentea affixit } Po« 

* tiifimumque e ligno cibatum fecit : fed turrigeros elephantorum mi- 

* ramur humeros, taurorumque colla, et truces in fublime ja6ius, 

* tigrium rapinas, leonum jubas, cum rerum nttura nufquam magis 

* quam in minimii, tota fit.' Plin. ibid. 

* in 
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' in the leaft things/ For which reafon he in- 
^ titats his readers^ as I do mine^ ^ that beciaufe 

* they flighted many of the things themfelves 
' which he took notice of, they would not 
^ therefore difdainfuUy condemn his accounts 
' of them, fince faith he, in the contemplation 

* of nature, nothing ought to feem fuperfluous/ 

Thus that eminent natuiralift hath made his 
own, and my excufe too; the force and verity 
whereof will farther appea^, by what I ihall fay 
of thefe animals, which (as defpicable as they 
have been, or perhaps may be thought) we ihall 
find as exquiikely contrived, and curioufly made 
for that place and ftation they bear in the world, 
as any other part of the animal world. For if we 
confider the innumerable variety of their fpecies, 
the prodigious numbers of individuals, the ihape 
and make of their little bodies, and every part 
thereof, their motion, their inftinds, their re- 
gular generation and production ; and, to name 
no more, the incomparable beauty and luftre of 
the colours of many of them, what more admi- 
rable and more manifeft demonftration of the 
infinite Creator, than even this little contemned 
branch of the animal world ! But let us take a 
fliort view of particulars. 

CHAP. 
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CHAP. 11. 



OF THE SHAP£ AND STRUCTURE OF INSBCTS« 



T ET US begin with the fliape and fabric of 
"^ their bodies : which, although it be fome- 
what different from that of birds, being particu- 
larly, for the moft part, not fo (harp before, to 
cut and make way through the air, yet is better 
adapted to their manner of life. For, confider- 
ing that there is little neceflSty of long flights, 
and that the ftrength and adivity of their wings 
doth much furpafs the refiftance their bodies 
meet with from the air, there was no great oc- 
cafion their bodies fliould be fo fliarpencd before. 
But the condition of their food, and the manner 
of gathering it, together with the great necef- 
fity of accurate vifion, by that admirable pro- 
viiion made for them by the reticulated cornea of 
their eycs; thefe things, I fay, as they required 
a larger room, fo were a good occafion for the 

largencfs 
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largenefs of the head, and its amplitude before. 
But for the reft of their body, all is well made, 
and nicely poifed for their flight, and every 
other of their occafions. 

And as their fliape, fo the fabric and make of 
their bodies is no lefs accurate, admirable, 
and lingular ; nor built throughout with bones, 
and covered with flefli and Ikin, as in moft other 
animals ; but covered with a curious mail of a 
middle nature ^, ferving both as fkin and bone 
too, for the fliape, as well as ftrength and guard, 
of the body ; and as it were on purpofe to fliew, 
that the great contriver of nature is not bound 
up to one way only. 

» 

' * Infcfla non videntur nervos habere, nee oiTa, nee fpinas, 

* Dec cartilaginem^ nee pinguia, nee caroes, nee cruftam quidem 

* fragilem, ut qua^Iam marina, nee que jure dicatur eutis : fed 
' mediae cujufdam inter omnia hxc naturx corpus,' &c. Flin. Nat' 
Bift. i. 1 1 c. 4. 
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CHAP. III. 



OF THE EYES AND ANTENNA OF INSECTS. 



'TpO this 1 aft-mentioned guard, we may add 
-■■ that farther guard provided in the eyes 
and antennae. The ftrudture of the eye is, in 
all creatures, an admirable piece of mechanifm ; 
tut that obfervable in the eyes of infefts fo pe- 
culiar, that it muft needs excite our admiration : 
fenced with its own hardnefs, yea, even its own 
accurate vifion, is a good guard againft external 
injuries ; and its cornea, or outward coat, all 
over befet with curious, tranfparent, lenticular 
inlets ^, enabling thofe creatures to fee, no doubt, 

very 

^ The cornea of flics, wafps, &c. are Co common an entertain- 
ment with the microfcopi^, that every body knows it is a curious 
piece of lattice-work. In which this is remarkable, that every fora- 
men is of a lenticular nature ; fo that we fee objects through them 
topfey-turvey, as through fo many convex glafles : yea, they be- 
come a fmall telefcope, when (here is a due focal diflance between 
them and the lens of the microfcope. 

Vol. IL E Thk 
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« 

very accurately every way, without stny inter- 
val of time or trouble to move the eye towards 

objedts. 

And as for the other part, the antennae, or 
feelers, whatever their ufe may be in cleaning 
the eyes, or other fuch like ufe; they are, in all 
probability, a good guard to the eyes and head^ 
in their walk and flight, enabling them, by the 
fenfe of feeling, to difcover fuch annoyances^ 
which, by their proximity, may perhaps efcape 
the reach of the eyes and fight K Befides which; 

they 

This lenticular power of the cornea, fu{»p!ies, as I imagine/ 
the place of the chry(lal)iDe» if not of the vitreous humour too, 
there being neither of thofe humours that I could ever find (al- 
though, for truth's fake, I confefs I have not been fo diligent as I 
might in this inquiry ;) but inftcad of humours and tunics, I ima- 
gine that every lens of the cornea hath a diftin£i branch of the optie 
nerve mmiftering to it, and rendering it as fo many diftind eyes. 
So that as moft animals are binocular, fpiders, for the moft part 
oAonocular, and fome, (as Mr. Willoughby thought, Raii Hift* In- 
{e£t. p. IX.) fcnocularj fo fliea, &e. are multocular, having at 
many eyes m there arc perforations in their cornea. By which 
means, as other creatures are obliged to turn their eyes to objeAs, 
thefc have fome or other of their eyes ready placed towards obje^is, 
nearly all round them : thus particularly it is in the dragon-fly^ 
libella, the greateft part of whofe head is poflefled by its eyes : 
which is of excellent ufe to that predacious infcd, for the ready 
feeing and darting at fmall flies all round it on which it preys. 

» It is manifcft^ that infe6^s clean their eyes with their fore legs, 
as well as antenna. And confideringi that as they walk along, 
they are perpetually feeling, aiul fcarching befiwe thcoi^ with their 

feelers. 
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they are a curious piece of workmanftiip, and in 
many, a very beautiful piece pf ™ garniture to 
the body. 

feelers, or anteonx; therefore I am apt tothink, that befides wiping 
and ckaniDg the eyes, the ufes here named may be admitted. For 
as their eyes are immoveable, (b that no time is required for the 
tuniiog their eyes to objefls ; fo there is do neceffity of the re- 
tioa, or optic nenre being brought nigher unto, or fet fanhcr off 
from the cornea, which would require time, mm it is in other ani- 
mals t but their cornea and optic nerve, being always at one and 
the fame diftance, are fitted only to fee diQantial objef^s, bur not 
fuch as are very nigh : which inconTemence the feelers obviate, left 
h ihould be prejudicial, in occafioning the infc^ to run its head 
againft an j thing. 

And that this, ratlier than the wiping the eyes, is the chief ufe 
of the feelers, is farther roanifcft from the antennae of the fleih-fly, 
and many other infe6ls, which are ihort, and ftrait, and incapable 
of being bent unto, or extended over the eyes : as alfo from others 
enormoufly long, fuch as thofe of the capricorni, or goat-chaferi, 
the cmdevv-fiy, and divers others^ both beetles and flies. 

"* The lamellated antennae of fome, the clavellated of others, the 
neatly articulated of others, the feathered and divers other forms of 
others, of the A^iab, papilionaceous gnar, and other kinds, are fur- 
pridngly beautiful, when viewed through a microfcope. And in 
fome, thofe antennae diftinguiih the ttxcs : as in the gnat-kind, all 
thoie .with tufts, feathers, and brulh-horos, are males -, thofe with 
fingle-ihafud antennae, are females. 
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CHAP. IV^ 



OF THE PARTS AND MOTION OF INSECTS, 



T^ROM the head pafs we to the members^ con- 
-■- cerned in their motion. And here we have 
a copious fubjeft, if I was minded to expatiate* 
I might take notice of the admirable mechanifm 
in thofe that creep; the curious oars in thofe 
amphibious infedts that fwim and walk**; the 
incomparable provifion made in the feet of fuch 
as walk, or hang upon fmooth furfaces*^; the 

great 

" All the familiet of hydrocanthsrii notone6ii, &c. have their 
hindmodlcgs made very cicely, with commodious joints, and brifllct 
on each fide towards the end, ferving for oars to fwim ; and then, 
rearer the body, are two fiiff ipikes, to enable them to walk, when 
occafion is. 

• I might here flame divers flies, and other infcAs, who, befides 
their fiiarp hooked nails, have alfo ikinny palms to their feet, to 
enable them to (lick on glafs, and other fmooth bodies, by means of 
the prclfure of the atmofphere. But bccaufc the example will iU 
luHrate another wot k of naturci as well as this^ Xfhall chufe a fiogu- 

4 lar 
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great ftrength and fpring in the legs of fuch as 
Jeap P ; the ftrong and well-made feet and talons 
of fuch as dig 4 : and, to name no more, the ad- 
mirable faculty of fuch as cannot fly, to convey 
themfelves with fpced and fafety, by the help 
of their "webs ', or fome other artifice, to make 

their 

lar piece of meehanifmy in oneef tlie larged forts of Jiydrocanthari. 
Of thefe large ones there are two forts, one largeft, all black, with 
antennae handfoniely emboffed at the ends. T\^e uber fomC'^ 
what lefTer, hardly fo black, with capillary antenna;; the forehead^ 
edges of the vaginae, and two rings oq the thorax, of a tawny colour* 
The female hath the vagins prettily furrowed, the male fmooth. 
But that which is mod to our purpofe in this male, is a flap, or hol- 
lowifh cap near the middle joint of the fore-legs, which, when clap- 
ped on the Moulders 0/ thfi female in ^oitu^ fticks iirmly thereon, 
after the manner^ as I have feen boy« carry heavy flones, with only 

a wet piece of leather chppcd on the top of .the Hone. 
'' . ' 

9 Thas graihoppcrs and crickets have brawny ftrong thighs, with 

long, {lender, but ftrong legs, \Wiich ^enable them to leap with 

mat agility an4 ftrength. 

^ I have wondered to fee with what j;reat quickpefs, ^rt, and 
ftrength, many vefpae^ichneumons, wild-bees, and beetles, perforate 
theeanh, yea, even wood iifdf : out the moft remarkable animal in 
ihis way, is the mole-cricket, io book iv. chap. 13. 

' I have, with pleafure, of en fcen fpidcrs dan out their webs, 
and fail away by the help thereof. For the manner of which, fee 
Me. Lowthorp's Abridgm. vol. it. p. 724. from Dr. Lifter and Dr. 
Hul(e, who both claimed the difcovery ihcreof. And both do fccm 
to have hit thereupon, without any forc-4cnowledgc of what each 
other hath difcovercd, as is f^id in the laft cited place, and as I 
more particularly find by Mr. Ray's Philofo. Letters, printed Anno 
«7i8, p. 95, &c. By v^hich alfol find, the two ingenious doctors 
were very modeft in their claims, and very amicable in the matter. 
f n-ODC of Dr. Lifter's to Mr. Raj, he thinks there is a fair hint of 
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their bodies lighter than the air*: thefe, and a 
multitude of other fuch things as thefe^ I might, 

I fay, 

the daning of fpiders ia Ariftot. Hift. Ao. 1. 9. c. 39. And in 
Pliny, I. II. c. 24. But for their failing, tha!t» tl^e ancientt are 
filent of, and he thinks it w^m firft feeo by him. And in another 
letter, Jan. zo. 1670, fpeaking of the height fpidert are able to fly, 
he faith, ' The b(l 0£^ober, &c. I took notice that the air was very 

* full of webs, r forthwith mounted to the top of the higheft fteepU 
' on the Miofter, (in York,) and could thence difcern them yet ex- 

* ceeding high above me. Some that fell, and were entangled upon 

* the pinnacles, I cook, and found them to be lupi ; which kind fcl- 

* dom or never enter houfes, and cannot be fuppofed to h^ve takci^ 

* their flight from the fleeple.' 

" There are, I imagine, diveri animals, as well as f^iders, that 
have fome way of conveyance, as little known to us, as that of fpi- 
ders formerly was. Thus the fquillulx, pulices arborefcentes, and 
microfoopical animalcules of the flagnatiog waters, fo numerous in 

* them, as to difcolour fometimes the waters, and make them look 
as if they were tinged red, yellow, or green, or covered with a 
thick green fcym j all which is nothing but animalcules of that 
colour. That thefe creatures have fome way of conveyance, I con- 
clude, becaufe mofl flagnating waters are flocked with them, new 
pits and ponds, yea, holes and gutters on the tops of houfes and 
fteeples. That they are not bred there by equivocal |;eneration, every 
ingenious, conHdering philofopher will grant ; that they have not legs 
for travelling fo far, is manifeft from infpe£^ion : and therefore I 
am apt to think, that they have fome faculty of inflating their bodies, 
or darting out webs, and making their bodies buoyant, and lighter 
than air; or their bodies, when dry, may be lighter than air, and 
fo they can fwim from place to place ; or the eggs of fuch as are 
oviparous, may be light enough to float in the air. Bat then the 
viviparous (as my late ingenious friend, Mr. Charles King, fliew^ 
me the pulices aquatices arborefcentea are ; thefe, I fay,) cannot be 
r is way accounted for. The caufe of thefe latter fufpicions was, 
that in th^ fumroer months, I have fccn the pulices arborefcentes, 

and 
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I fay, take qotice of, as great evidences of the 
infinite Creator's wifdom : but left I fliould be 
too tedioiis, I will confine my obfervations to 
the legs and wings only. And thefe, at firft 
view, we find to be incomparably fitted up for 
their intended fervice^ not to overload the body, 
nor in the leaft to retard it ; but to give it the 
moft proper and convenient motion^ What, for 
eifample, can be better contrived, and made for 
this fervice than the wings! Diflended and 
ftrengthened by the fineft bones, and thefe 
covered with the fineft and lighteft membranes, 
fome gf them adorned with neat and beauti- 
ful feathers ' ; and many of them provided with 
the fineft articulations, and foldings, for the 
wings to be withdrawn, and neatly laid up in 
their vaginae, and cafes, and again readily ex- 
tended for flight ^. 

And 

# 

and the green fcum oa the waters, nothing but animalcules, as I 
fk\df lie in a manner dry on the furface of the waters ; at which 
time', as I have ftewa in book iv. chap. n. thofe animalcules co- 
pulate 2 and, perhaps, they may, at the lame time, change their 
quarters, and feek out new habitations for their numerous offsprings 
as well as themfelres. 

^ It is well known to all perfons any way converfant in microfco- 
pical obfervations, that thefe elegant colours of moths, and butter- 
fliesy are owing to neat and well-made feathers, fet with great cu- 
riofity and exadnefs in'rowsi and good order. 

" All that have elytra, fcarabs, (who have whole elytra, or 
reaching to the podez, or the *H/AixtfX(««Tifoi, fucl^ as ear-wigs, and 

£ 4 ftaphilini 
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AND then for the poifing of the body, and 
keeping it upright, and fteady in flight, it' is an 
admirable artifice and provifion for this purpofe ; 
in fome, by four wings ^ -, and in fuch as have 
but two, by pointels, and poifes placed under 
the wings, on each fide of the. body. 

And laftly, it is an amazing thing to refleft 
upon the furprizing minutenefs, art, and cu- 

' ' " riofity 

ftaphiUnioFall forts,) do, by a very curious mechqnifm, extend andl 
withdraw their membranaceous wings, wherewith they chiefly fly ; 
and it is very pretty tp fee them prepare ihemfclves fot flight, by 
ihrufting out,*and unfolding their wings, and again withdraw thofe 
joints, and neatly fold in the.mcnfbranes, to be laid up fafcly fn 
their elytra or cafes. For whiph fcrvice the bones dre well placed, 
and the ]oints minidring thereunto are accurately contrived, for th^ 
mod compendious, and commodibus folding up the wings. 

* For the keeping the body fteady and upright in flight, it gene- 
rally holds true, if I miftake not, that all the bipennat^d infe«5ls have 
poifes joined to the body, under the hinder part of their wings : but 
fuch as have four wings, or wings with elytra, none. If one of 
the poifes, or one of the leffer auxiliary wings be cut off, the inCtGt 
will fly as if 'one fide over^balanced the other, until it falieth on 
the ground ; fo if both be cut off they will fly aukwardly, and un* 
Headily, manlFefling the defcft of fome very neceffary part. Theft 
poifes, or pointels, are, for the mofl part, little balls, fet at the 
top of a ilcnder flalk, which they can move every way at pleafure. 
In fome they ftand alone, in others, as in the whole flefh-fly tribe, 
they have little covers or ihields, under which they lie and mdve. 
The ufe, no doubt, of ihefc poifes, and fecondary leffer xvings, is to 
poife the body, and to obviate all the vacillations thereof in flight ; 
fcrving to the infeft, as the long pole, laden at the ends with lead 
doth the rope-dancer. 

As 
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riofity of the joints ^, the mufcles, the tendons, 
the nerves, naceffary to perform all the motions 
of the legs, the wings, and every other part. 
I have already mentioned this in the larger 
animals; but to confider, that all thofe things 
concur in minute animals ; even in the fmal- 
left mite; yea, the animalcules, that, without 
good microfcopes, efcape bur fight; to con- 
-fider, I fay, that thofe minutefl: animals have all 
the joints, bones, mufcles, tendons, and nerves, 
neceiTary to' that brifk and fwift motion that 
many of them have, is fo ftupcnduous a piece of 
curious art ^, as plainly manifefteth the power 

and 

^ As all the parts of animals are moved by the help of thefe ; 
fo there is no doubt but the minuted animals have fuch like parts : 
but the mufcles and rendons of fome of the larger infcfls, and Tome 
of thelcifcr tco, may be ften wiih a microfcope. 

* The minute curiofiiies, and inimitable fineries, obfervable itv 
thofe lelTer animals, in which our bed microfcopes difcover no botch, 
no rude ill-made work,' contrary to what is in all artificial works of 
man, do they not far more deferve our admiration, than thofe ce- 
lebrated pieces of human art? Such as the cup m?de of a pepper- 
corn, by Ofwald Ncrlinger, that held twelve hundred ivory cups, 
all gilt on the edges, and having each of them a foot, and yet af- 
fording room for four hundred more, in the Ephem. Germ. T. i. 
lAddend. ad obf. 13. Such alfo was Phaeton in & rin^r which Galea 
thus reflcfts upon, when he fpeaks of the art and wifdora of the 
Maker of animals, particularly fuch as arc fmall : * Quanto,' faith 
he, * ipfum minus fuerit, tanto majorem admirationem tibi exci- 

* tabit i quod declarant opificcs cum in corporibus parvis aliquid 

• •in- 
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and wifdom of the infinite contriver of thofe 
inimitable fineries. But having, named thofe 
minute animals, why fliould I mention, only any 
one part of their bodies, when we have, in that 
little compafs, a whole and complete body, as 
exquifitely formed, and, as far as our fcrutiny 
can poflSbly reach, as nearly adorned, as the 
largefl: animal ! Let us confider, that there we 
have eyes, a brain, a mouth, a flomach, en- 
trails, and every other part of an animal body, 
,as well a§ legs and feet j and that all thofe parts 
have each of them their neceflary apparatus 
of nerves, cf various mufcles, and every other 
part that other i^fefts have; and that all is 
covered and guarded with a well-made tegu- 
nient, befet with bridles, adorned ^ith peat 
imbrications, and maiiy other fineries. And laft- 
ly, let us confider in how little compafs all art 
and curiofity may lie, even in a body many 

f infculpant : cuju9 generis eft quod nuper quidem io stnnulq 
' Ph<£Conta quatuor equis inve£^uin fculpiit. Omncs enim equi 

* frenum, os, et dentes anteriores habebant/ &c. And then hav- 
ing taken notice, that the legs were no bigger than thofe of a gnat, 
he ilievvt that their make did not come up to thofe of the gnat ; at 
^\Co, faith he, ^ Major adhuc alia quaodam effe videtur artis ejuS| 
*■ qui pulicem condidit. vis atque fapientia, quod, &c. pum igitur 

* ars tanta in tarn abje6lis apimalibus appareat,— quantam ejus vim 

* ac (apicntiam in prxflantioribus ine£e putabimus ?' Galen, de 
ufttpart. I. 17. c. I. fin. 

times 
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times Icfs than a fmall grain of fand^j fo that 
the lead drop of water ci^n contain many of 
them, and afford them alfo fufficicnt room to 
dance and frifk about in '. 

Having furvpyed as many of the parts 
of infedts as I care to take notice only of j 
I fliall, in the next place, fay fomewhat of 
their (late, and circumftances of life. And 
here I Ihall take notice only of two things, 
which have been only hinted at before; but 
will deferve more particular confidpration here, 
as being adts of a wonderful inftindl ; name^ 
ly, their fccurity of themfelves againft win- 
ter; and their fpecial care of preferving their 
fpecieSy 

y It will in Tome meafure appear, how wonderfully feme minut^ 
microrcopical animalcules . are, by w^at foUowa ia the next note. 
But becaufe more particular examples would be endlefs, I (hall re- 
fer to the obfervations of Mr. Lewenhoeck, and others, in the fhi- 
lof, Tranf. and elfcwhere, 

t ft is almod impofiible, by reafon of their perpetual motion, 
and changing placet, to count the number of the animalcules, in 
only a drop of the green fcum upon water ; but I guefs I have fome* 
times feen not fewer than one hundred friiking about in a drop 00 
bigger than a pin'i head, put in fuch a drop of pepper-water, 11 
f^r greater number j the(e being much lefs than thofe. 



CHAP. 
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CHAP- V. 



THE SAGACITY OF INSECTS TO SECURE TiJEMr 

SELVES AGAINST WINTER, 



IT is an extraordinary aft of mftinft and 
fagacity, obfervable in the generality of the 
infeft-tribe, that they all take care to fccurc 
themfelves, and provide againft the neceflGiries 
of winter: that when the diftreflcs of told and 
wet force them, they Ihould re^tire to warm and 
dry places of fafety, is not ftrange j but it is a 
prodigious adt of the infinite Confervator's care, 
to enable fome to live in a different kind of in- 
feft-ftate ; others to live, as without adion, fo 
without food ; and others that adt and eat, to Jay 
up in fummer fufficient provifions againft the 
approaching winter. ■ Some, I fay, live in a dif- 
ferent ftate; for having fufficiently fed, nourifh- 
cd, and bred up themfelves to the pcrfeftion 
of their vermicular nympha-ftate, in the fummer- 

months^ 
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tponths, thejr then retire to places of fafety, 
and there throw off their nympha, and put on 
their aurelia, or chryfalis-ftate, for all the winter, 
in which there are no occafions for food. This 
is the conftant method of many families of the 
infeftrtribe ■. 

But there are others, and fome of them in 
their moft perfect ftate too, that are able to 
fubfift in a kind of torpitude, or fleeping 
ftate, without any food at all; by reafon, as 
there is no adtion, fo no wafte of body, no 
expence of fpirits, and therefore no need of 
food *». 

But 

« 

* It would be endlefs to enter into panieulars here, becaufe all 
the papilionaceous, flelh and ichneumou-fly tribes, and all others 
that undergo the nympha and aurelia-ftate, between that of the egg 
and the mature- ftate, >vhich are very numerous, appertain to this 
note. For a fample thereof only, I ihall t^ike what fomc \nay tiiink 
a mean one, but if confidered, defer ves our admiration, and chat i^^, 
tUe Dgacity of the whice*butter-fly caterpillar, which having fed it- 
lelf its due time, then retires to places of fecurity. I have feen great 
trains of them creeping up the walls and polls of the next huufcs, 
where, with the help of fome cob-webs, like filaments, they hang 
ihcmfelves to the cielitigs, and oihtr commodious places, and then 
become aurelix ; in which ftate and places they hang fccure fioin 
the uctand cold, till thefpring, and warmer months, when thc) are 
tranfmuted into butter- fliet. 

^ I fhall not name any of the particular fpecies of infeds which 
live in this ftate^ becaufe they are very numerous, but only remark 

two 
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But for others that move and aft, and need 
food, it is a prodigious inftinft and forefight the 
Creator hath imprinted on them, to lay up fufE- 
cient food in fummer for the winter's *= neccflities 
and occafions. And it is very pretty t6 fee 
with what unwearied diligence all hands are at 

two things obfervable in their fagacity in this matter : i. That they 
are not driven by ftrefs of weather to their retirement, but feetn as 
naturally to betake themfelvts thereto, as other animals do to rcftaad 
deep. For before th« approach of cold weather, towards the end of 
fummer^ we may fee fome kinds of them flocking together, in great 
numbers, within doors, as fwallows do a little before they leave us^ 
as if they were making ready for their winter's reft. a. That every 
fpecies betakes itfelf to a proper convenient receptacle ; fome under 
the waters, to the bottom of ponds; fume under the earth, below 
the froft; fome under timber, ftone, &c. lying on the ground; 
fome intd hollow trees, or under the bark, or in the wood ; fome into 
warm and dry places j and fome into dry alone. 

* There are not many kinds that thus proiride their food before* 
hand. The moft remarkable, are the ant and the bee j concerning 
the (irft of which, Ongen bath this remark, viz. ' De folertia for'*> 

* micarum, venturae hyemi mature profpicientium, fibique inviccm 

* fub onere feilis fuccurrentium ; quodque fruges arrolas condant, 
< ne nirAit enafcantur, fed per annum alimento fint, non ratiocina* 

* tionem formicarum in caufa debemus credere, fed almam matrem 

* naturam bruta quoque fie ornantem, ut etiam minimis addat fun 

* quzdam ingenia.' Orig. cont. Celil 1. 4. « 

But as for wafps, homett, bumble*beei, and other wild*bees, 
vefpz-ichneumons, and divers others that carry in materials for 
ncfts and food ; this it only for the fervice of tKeir generation, for 
hatching their eggs, and nourilking their yoong, not (br fupplies in 
winter; for they all foriake their nefts towards winter ; and retire 
to other quarters, living, I conceive, without food all that time. 

S work 
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work for that purpofe, all the warmer months. 
Of this the Holy Scripture itfelf gives us an 
inftance in the ant^ calling that little animal 
' exceeding wife/ Prov* xxx. 24. And the 
reafon isj ver. 25. * The ants are a people not 

* ftrong, yet they prepare their meat in fum- 
' mer/ And therefore Solomon fends the Aug- 
gard to this little contemptible creature, to learn 
wifdom^ forefight, care, and diligence, Prov. 
Vi. 6, 7, 8. * GJo to the ant, thou fluggard, con* 

* fider her ways, and be wife : which having no 

* guide, overfeer^ or ruler, provideth her meat 

* in the fummer, and gathereth her food in the 
« harveft.* 

To this fcrtptural example, give me leave to 
anticipate, and fubjoin an obfervation of the 
farther great wifdom of this little creature 5 and 
that is their unparalleled zropyn^ their tendernefs, 
fagacity, and diligence, about their young**. 

It 

* ' Hot ▼emiiculos [formicanim ova vulgo vocatos] incredibili 
' iT9pyn€t cura fortnicae educanufummamque dant operam, ne vel tan. 

* tilluni) quod fpt&ct eoruro vennicalorum educationematque autri- 

* cioneniy omittant: quein in finem fere Temper eofdem ore circumpor- 
^ tant /ecum, ne uUa eoi Izdat injuria. In mufeo meo nonnullai iilius 

* generis formicas, vitro terra repIetOy conclufas cum Termiculis iftla 

* adfervabam : ibinonfinejucunditateljpe^tabani, quo terra ficret in 
' Aiperficie (iccior, eoprofuodius Formicas cum fstibus fuis prorepcre: 

* cum yero aquam adfunderemyvifu mirificum erat, quanto effe£bu, 

* quanta folicitudine^ quanta iroffi omnem in eo coUocarent operaro, 

* VLt 



^ 
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• 

It is very diverting,, as well as admirable to fcci 
with what ^fFciflion and care they carry about 
their young in their mouths, how they expofc 
thcmfelvcs to the greateft dangers, rather than 
leave their young expofed or forfaken ; how 
they remove therp. from place to place in their 
little hills, fometimes to this part, fometimes 
to that, for the benefit of convenient warmth, 
and proper moifture ; and then again withdraw, 
and guard them againfl: rain and cold. Now, 

that this great wifdom which the Scriptures at- 

• 
tn- 

* ut foetus fuos ficciore et tuto toco reponerent. Szpius vidi, cum 

* aliquot diebus aqua caniifient, atque cum affufo tantillo aquae 

* ieram ilium humedbarem, e veftigio a formicis foetus fuos eo loci 
^ fuiffe allatos, quos ibi di{lin£te coafpiciebam movcri acque fugere 

* humorem. Multoties fui conaius, uc eos vermi«ulos ipfe educa- 
' rem, at Temper conatum fcfellit eventus : neque ipfas fc^micaium 
' nymphas alimcnti jam non indigaa unquaih (ioc ipfis formicis po- 
' tui potu arcificiali excludere.' J. Swammcrd. Epilog, ad Hid. 
Infcft. p. 153. 

Sir Edward King, who wa» very curious in examining the gene- 
ration of ants, obftrvci their great care and diligerice, 1. About 
their fperm, or true eggs, which is a fine white fubftance, like 
fugar, which they dilligently gather into a heap, when rcutered,and 
on which they lie in multitudes, I fuppofe, byway of incubation. 
2, I haveobfcrvcd, faith he, in fummer, that in the morning they 
bring up thofe of their young, called ant eggs, towards the top of ihe 
bank j fo that you may, from xoin the morning, until 5 or 6 in the 
afternoon, find them near the top-— for the mod part on the fouth-* 
fide the bank. But towards 7 or 8 at night, if it be cool, or likely 
to rain, you may dig a foot deep before you can find them. Phil. 
Tranf. N" 23. or Mr. I^owthorp's Abrigment volume 1. page 7, 
and 9. 

The 
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tribute unto, and is difcernible in this little ani- 
mal, is owing only to the inftinft, or infufions 
of the great Confervator of the world, is evi- 
dent, becaufe either this wifdom, thought, aAd 
forecaft, is an aft of the animal itfelf, or of 
fome other being that hath wifdom. But the 
animal being irrational, it is impoflible it can 
be its own aft, but muft be derived, or re- 
ceived from fome wife being. And who ? 
What can that be, but the infinite Lord, confer- 
vator, and governor of the world ! 
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CHAP. VI. 



OF XHi CAR£ OF IMSECT* ABOUT TKEIR YOUKG* 



nPHE Other notable inftihdt I am to treat of, 
is the peculiar art and care of the infcdt- 
tribe, about the prefervation of their fpecies* 
Here I might fpeak of many things, but I have 
occafionally mentioned divers of them before, 
under fome or other of the general heads, and 
therefore fliall fix only upon two things relating 
to their fpecial art and care about the produc- 
tion * of their young, which have not been fo 
particularly fpoken to as they deferve, 

* The do£lrine of aequivocal generation, is at this day ^o fufEci- 
ently exploded by all learned philofophers, that I fhali not enter the 
difpute, but take it for granted, that all animals fpring from 
other parent-animals. If the reader hath any doubt about it, I refer 
him to Seigneur Redi de Gen. Infect, and Mr. Ray't Wifdom of 
Gody &.C. p. 344« See alfo beforei book iv. chap. 15.- 

4. One 
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One thing is their Angular providence for 
their young, in making or finding out fuch 
proper receptacles and places for their eggs and 
feed, as that they may receive the advantage of . 
a fufficient incubation, and that the young when 
produced, may -have the benefit of proper and 
fufiicient food for their nurture and education, 
till they are able to fhift for themfelves. It \$ 
admirable to fee with what diligence and care 
the feveral fpecies of infedts lay up their eggs, 
or fperm, in their feveral proper places j not all 
in the waters, in wood, or vegetables ; but thofe 
whofe fubCftence is in the waters ^, in the wa- 
ter; thofe to whom flclh is a proper food, in 
flefh ^ ; thofe to whom the fruits ^ or leaves of 

vege- 

^ It would be cndlefc to fpecify the various fpecies of inlets, tha.t 
have their generation in the waters ^ and therefore I Ihall only obferve 
of them, I. That their eggs are always laid up with great care, and 
in good order. And stiCo,^!. Where proper and fufficient food is. 
3. That in their nympha«ftate in the waters^ they have parts proper 
for food and motion ; and in many, or mod of them, very difierenc 
from what they have in their mature date; a manifed argument of 
the Creator's wifdom and providence, , 

c As Seigneur Redi was one of the fird that made ii his bufinefs to 
difcard anomalous generation, fo he tried more experiments relating 
to the vermination of ferpents, fieih, Hih, pucrifled vegetables j and 
in (hort, whatever was commonly known to be the nurfery of mag- 
gots, more, I fay, probably , than any one hath done fmce. And in 
all his obfervations, he conftantly found the maggots to turn to • 
aurelio^, aad chtfe into files. But thcn^ faith he, * Dubitare coepi 

F a * utrum 
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* utnim omnc hoc vcrmium ia carnc genu*, ex Colo mufcartiitf 
' fcminei an ex ipHs putrcfa^lis caroibus oriretur, tantoque mi^^isy 

* coofirmabar in )ioc mco dubio, quaoto in omnibus generationibut 

* — 'fxpius videram, in carnibus, antcrquam vermmars incipereot, 
' refediiTe ejufdem fpeciei mufcas, ou^us propago poftea nafcebatur/ 
Upon this he tells us, lie put fifli, flcih, &c. into pots, which he 
covered clofe from the flics wirh paper, and afterwards, for the free 
air-r^<e, with lawn, v/hWH other pots were left open, with fuch 
likefleih, &c. in them} that the flies were rery eager to get into 
the cotered pots ; and that they produced not one maggot, when the 
open ones had tnany, Fr. Redi de Gencr. InfcCt. 

Among the infers that come from the maggots he mentions, he 
names culices. Now, from the moft critical obfcrvations I have 
made, I never obierved any fort of gnat to come from putrifled flelh, 
vegetables, or any other thing he taxeth them with. So that either 
he m<:aii8 by cuiex, fome fly that we call not by the name of gnat ; 
or elfe their gnats in Italy vary in their generation from ours in Eng- 
land. For among above thirty, oearforty, diflin£k fpecies of gnats 
that I have obfcired about the place where I live, I never found any 
to lay their eggs io flefli, fllh, &c. but the Urgeft foit, called, by 
Aldrovand, culices maximi, by Swammerdam, tipulze terreftret, 
lay their eggs in meadows, &c. under the grafs ; one of the larger 
middle fert, in dead beer, yeaft, &c. lying on the tops, or in the 
leaks of bear-barrels, &c. and all the rtfi, as far as ever I have ob* 
ftrved, lay and hatch in the waters. 

The generation of the ffcond of ihcfe being akin to fome of the 
foregoing inflances, and a little out of the way, may deferve a place 
here. This gnat lays its eggs commonly in dead beer, &:c. as I faid, 
and probably in vinegar, and other fuch liquors. Some time aher 
which, the maggots are fo numerous, that the whole liquor flirreth 
as if it was alive; being full of maggots, fomdarger, fome fmallcr ; 
the larger are the offspring of our gnar, the fmallcr, of a fmall dark 
coloured fly, tending to rcddifh^ fiequent in cellars, and fuch ob- 
frure places. All thofe maggots turn to aurelix, the larger of 
\rhlch, of a tan-colour, turn to our gnat. This gnat is of the un- 
armed kind, having no fpear in its mouth : its head is larger tlian that 
of the commoD gnat5| a longer ncck> ihort- jointed antennx, fpoitcd 

wings, 
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Vegetables are food, are accordingly repofited, 

«wiDg&y reaching beyond its (lender alvus ; it is throughout of a 
brown colour, tending to red, cfpecially in the female : the chief 
difference between the ma;le and female is, as in other gnats, yea, 
xnoft infef^s, the male is lefa than the female, and hath a ilendfr 
belly, and its podex not fo Aiarpas the female's is, 

^ The inie£V9 that infed fruits, are either of the ichneumon -fly 
kind, orphaixnai. Plumbs, peafe, nuts^ &c. produce fome othc;r 
Khneumon fly. That generated in the plumb is black, of a mid- 
dle Hze, its body near three tenths of ap inch long, its tail not fnuch 
Icfs, confiftingof thrtebi idles, wherewith it conveys its eggs into 
fruits: its antcnnsB, oj horos, long, (lender, recurved; its belly 
longifh, tapering, fmall ti>'vard» the thorax ; legs reddi(h j wings 
inembranaceous, thin, and tranfparent, in Numb; 4. which, is one 
.chara^tcriliic of the ichneumon -fly. 

The pcafc ichneumon-fly is Tsery- fmall, wings large, reaching 
beyond (he podex ; antennaelong; alvus (hort, (haped like an hearty 
with the point towards the anus ; it waiketh and flicth (lowly : no 
Cail appears as in the former; but they have one lieth hidden under 
the belly, which they can at pleafure bend back to pierce peafe when 
they are young and tender^ and other things alfo, as I h.ive rcafoa 
.fo CufpeA, having met xvith ihis^ as indeed tiie formex two^ in diwrs 
vegetat)les« 

Pears and apples % could never difcover any thing to breed in, but 
only the lelfer phalxna, about four tenths of an inch Ung, whi:i(h 
underneath, grey i(h- brown above, dappled with brovii^'n fpots, in- 
clining to a dirty red, all but about ^ third part at the end of the 
wings, which is not grey, but brown, elegantly (Iriped with wavcy 
lines, of a gold colour, as if gilt ; its head is fmall, with a tuft of 
whitiih brown m the forehead ; antennae fmooth, moderately long. 
The aurclia of ths moih is fmall, of a yellowifli brown. I know 
-not what time they require for their generation out of boxes ; but 
thofe I laid up in Augufl, did not become moths before June ful- 
Jowing. 

F 3 fomc 
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fome in this fruit, fome on this tree * feme on 
that plant \ fome on another, and another j but 
conftantly the fame family on the fame tree or 
plant, the moft agreeable to that family. And 
as for others that require a conftant and greater 
degree of warmth, they are accordingly pro- 
vided by the parent-animal with fome place in 
or about the body of other animals ; fome in the; 

* There are many of the phalaeoas, and ichneumoii-flj tribes , that 
have their generation on the leaves, or other parts of trees and 
Ihrubs, too many to be here reckoned up. The oak hath many very 
beautiful phaiaenx, bred in its convolved leaves, white, green, 
yellow, brown, fpottcd prettily, and neatly dappled, and many more 
belides ; and its buds afford a place for cafes, and balls of various 
forts, as ihall be (hewn hereafter j its leaves expanded^ minifter to 
the germination of globular, and other fpheroidical Vails, and flat 
thec£, fome like hats, fome like buttons excavated in the middle ; 
and divers other fuch like repoHtones, all belonging to the ichneu- 
mon-fly kind. And not only the oak, but the maple alfo, the 
white- thorn, the brier, privet, and indeed almoft every tree and 
lhrub« 

1^ And as trees and fhrubs, ib plants have their peculiar infe£^. 
The white butterfly lays its voracious offspring on cabbage-leaves i 
a very beautiful reddifli ocellated one; its no lefs voracious black 
ofl*spring, of an horrid afpe£l, on the leaves of nettles; as alfo doth 
a very beautiful, fmall greeniih ichneumon-fly, in cafes on the 
leaves of the fame plant : and to name no more, becaufe it would 
beendlefs, the beautiful ragwort-moth, whofe upper wings are 
brown, elegantly fpotted with red, and under wings edged with 
brown; thefe, I £iy, provide for their golden-ringed erucaenpon 
the ragwort-plant. 

feathers. 
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feathers of birds ^ ; fome in the hair of beafls " ; 
iome in the very fcales of fiihes ^ j fome in the 

nofe ; 

' Many, if not mod forts of birds, are iafeftcd with a diftin£l 
kind of lice, very different from one another in fiiape, fize, &c. 
For figures and defcriptions of thetn, I ihall refer to Signeur Redi 
of Infects, See alfo Mouffet, I, i« c. 13. Thefe lice lay their nits 
among the feathers of the rerpe£iive bird$, where they are hatched 
and nouriiied ; 4nd, as Arifiotle iaith, would deftroy the birds, par* 
jtictttariy pheafants, if th^y did not dufl their ftathers^ Loco infra 



citat. 



'^ And as birds, fo the (evtral Ibrts of beafis have their peculiar 
/brtt 0/ lice ; all diflin6l from the two forts infcfting man .- only the 
nfs, they (aj, is frect becaufe our Saviour rode upon one, as fome 
.think \ but I prefume it is rather firom the paliage in Pliny, 1. 1 1. 
f. 33. or rathq- Artft, HiA. AAimal 1. 3. c. 31. who faith, ' Quibus 

* pilus c;^, noa .c^ent eodcpn [pediculo] cxcepto afino, qui non . 

* pediculo tantum, veru(|i ctiai^ redivio immunis elt/ And a little 
before, fpeaking of tho(e in men, h« ftews what confhtutions are 
taoft fubje^fc to t^m, and inftanceth in Alcman the poet, and 
Phefecydes fyriua, that died of the pthinafis, or lowfy difcafe. For 
which foul diftemper, if medictQes are defired, Mouffet dc Inft£l. 
p. 26s. may be confulted \ who, in the f^me page, hath this obfer- . 
vation, ' Animadverterunt noftraces— ubi Afores infulas a tergo re- 

' liquerint, pediculoa confeftim omnes tabefcere : atquc ubi eos 
* revifcrint, itcrum innumeros alios fubiio oriri.* Which obferva- 
tion is confirmed by Dr. Stubs. Vide Lowth. Abridgm. vol. 3. 
p. 558. And many feamen have told me the fame. 

" Fifhcs, one would think, (hould be free from lice, by reafon 
^hey live in the waters, and are perpetualty moving in, and brufhing 
^hroijgh them \ but yet they have their forts too. 

Bcfides which, I have frequently found great numbers of long 
Render worms in the ilomach, and other parts of fifh/- particularly 

F 4 codfilb. 
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nofe ^ ; fome in the flefli p j yea, foii^e in the very 

bo^ye^s, 

cfidfifh, erpdally fuch as are poor ; which worms have worked 
themfcUes deeply into the coats and fie Hi, Co that they could not 
eafily be gotten out: fo Ariilorle faith of fome fiflies, ' Ballero et 
^ t^iloni lumbricus innafcitur, qui debilicar, &c. Chalcis vitio in- 
' feftatur diro, uc pedicuU fub branchiis inaati quam inulti ioteri- 
* mant.' Hift. An. 1. 8. t. 20. 

** O^ infe^ls bred in the nofe of animals, thofe in the noftrils of 

« 

fheep are remarkable. I have myfelf taken out not fewer at a time 
than twenty or thirty rough maggots, lying among the lamins of the 
noftrils. But I could never hatch any of them, and fo know not 
what animal they proceed from : hut I have no great doubt, they 
are of the ichneuroon-fly kind ; and not improbably of that with a 
Jong tail, called trjfeta, whofe three bridles feem very commodious 
for conveying their eggs into deep places, 

I havealfo feen a rough whitiih maggot, above two inches within 
the incedinum re£lum of horfes, firmly adhering thereto, that the 
hard dung did not rub off. I never could bring them to perfe£lion, 
but fufpt£^ the fide fly proceeds from it. ^ 

f In the backs of cows, in the fummer months, there are mag- 
gots generated, which inEflex we call wornilU j which are firilonl^^ 
a fmall knot in the fkin ; and, I fuppofe, no Mher than an egg laid 
there by fomeipfe6l. By degrees thefe knots grow bigger, and con- 
tain in them a maggot lying in a purulent matter .• they grow to be 
as large as the end of one's finger, and may be fqueeed out at a hole 
they have always open : rhey are round and rough, and of a dirty 
white. With my utmofl endeavour and vigilance, I coiild never 
difcover the animal they turn into ; but as they are fomewhat like, 
fo may be the fame as thofe io the note before. 

In Perfia, there are very long flender worms, bred in the Icp^and 
other parts of men's bodies, ^6 or 7 yards long. 

In 
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J.n Philofophical Tranfaflions, Mr. Dent, and Mr. Lewis, relate 
f^ivers examples of worms taken ourof the tongue, gnmy, nofe, and 
other parts, by a woman at Leiccftcr, which they were eye'-witnefljss 
of. Thcfc and divers others mentioned in the Tnuira6ttonSy may 
be fcen together in Mr Lowthorp's Abridgm. vol. 3. p. 132. 

' Narra( mthi yir fide dignus-^Caip. Wendlant^^fe in Poionia, 

* puero cuidaro rufiico duorum annorum, yermiculum albom e 

* palpebra extraxiire,**-magnitudinis Erucoe.— Similem fere huic 
f cafum mihi [Schulzio] et D. Segero narravit hoc, Anno 16769 

* chirurgus nofter Ant. Statlender, qui cuidam puero, cz aure, ex« 
' traxtt vermiculum talem, qualis in nucibus avelianit perforatis 
f latitare Iblet, fed paulo majorem, coloris albiffimi i alteri minores 

* 5 ejufdem generis iimiliter ex aure : omnes aliquot horas fuper- 

* vixeruttr— "Vermiculos adhuc virentes oculis noflris vidimus. * 
Ephem. Germ. T. 2. obf. i^ ubt vermiculi Icon. Many other 
hiftances may be met with in the fame tome. ObC 147, 148, 154. 

The worms in deer are mentioned often among ancient writers. 

Aril^Ot!^ iaithy IxvoXnxas fjjy::^ irayvtg fx*'^'*' ^* ''? KffaXjii ^Strast 

* They [deer} all have live worms in their heads, bred under the 

• 

* tongue, in a cavity near the veitebra on which the head is placed ; 

* their (izc not lefs than that of the largeft maggots } they are bre4 
i altogether, in number about twenty.* Ariflotle's Ui(i:.of Ani* 
mal. t. z, c. 15, 

To thefe examples may be added the generation of the ichneumon 

Hy in the bodies of caterpillars, and other nymphse of infe6^s. In 

many of which, that I have laid up to be hatched in boxes, inftead 

of papilios, Sec. as I expe6led, I have found a great number of 

fmali ichneumon -flics, whofe parent animal had wounded tbofe 

nymphae, and darted its eggs into them, and fo made them the 

foftcr-mother of its young. More particulars of this way of gene- 

I'ation may be feen in the great Mr. WiUoughb^t's obfervations in 

Philof. Tranf. N" 76. But concerning the farther generation of this 

Hi(e6^ I have taken notice of other particulars in other places of 

fhofe notes. 
f . 

The 
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bowels % and inmoft reccfles of the bodies of 

man 

^ The animals ordinarily bred in the ftotnach and guts, are the 
three forts of worms called lati, ceretcs, and afcarides ; concerning 
which, it would be irkfome to fpeak in particular, and therefore I 
ihall refer to Mouffct, lib. 2. cap. 31, 32, 33. , Dr. Tyfon's anatomy 
of them in Mr. Lowthorp's Abrigment vol. 3. p. 121 Seigneur 
Rcdi's obf. and others that hare written of them. 

As not only worms, but other creatures alfo are faid to be found 
sn the ftomach : inftances of which arc fo innumerable, that I ihall 
only {clcSt a few related by perfons of the bed credit. And firft of 
all, by fomcof our own countrymen. Dr. Lifter, whole credit and 
judgment will hardly be queftroned, gives an account of true cater- 
pillars, vomited up by a boy of nine years old : and another oddani- 
mal by a poor man. Mr. Jeffop, another very judicious, curious 
and ingenious gentleman, faw hexapods vomited up by agirl ; which 
hcxapods lived and fed for five weeks. Bee Lowtk. ib. p. 135. 

As to foreigners, it is a very ft range ftory, but attefted by perTuns 
, of great repute, of Catharina Geileria, that died in Feb. 1662. in 
the hofpkal of Altenburg, in Germany, who, for twenty years, 
voided by vomit and ftool, toads and lizards, &c. Ephemer* 
Germ. T. 1. obf. 103. See alfo the 109th obfervation of a kitten 
bred in the ftomach, and vomited up; of whelps alfo, and other 
animals, bred in like manner. But I fear a ftretch of fancy might 
help in fomc of thofe Uft inftances, in thofe days when fpcjitanedus 
^generation was held, when the philofophers fcem to have more 
flightly examined fuch appearances than now they do. But for the 
breeding of frogs or toads, or lacerta; aquaticaf, in the ftomach, 
when their fpiwn happcneth to be drank, there is a ftory in the 
fetond tome of the Ephem. Germ. obf. 56. that favours it, viz. < In 

* the year 1667, a butcher's man going to buy fomt lambs m the 

* fpring, being thirfty, drank greedily of fome ftanding water, which,. 

* a while after, caufed great pains in his ftomach, which grew worfe 
' and worfc, and ended in dangerous fympioms. At laft he thought 

• fome- 
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man and other creatures': and for others, to 
whom none of thefe methods are proper, but 
make themfelves nefts by perforations in the 
earth, in wood, or combs they build, or fuch 
like ways ; it is admirable to fee with what la- 
bour 



f foroewbat was alive in his ftomach, and after that, vomited up three 
* live toads j and fo recovered his former health.' 

Such another ftory Dr. Sorbait tells, and avQucheth it fccn with 
his own eyesy of one that had a toad came out of an abfcefs, which 
came upon drinking foul water. Obf. 103. ^ 

' Not only in the guts, and in the flefli, but in many other parts 
of the body, worms have been difcovered. One was voided by 
urine, by Mr. Mat. Mil ford, fuppofed to have come from the kid- 
neys. Lowth ib. page 135. More fuch examples Mouflet tells of. 
Ibid. So the vermes cucurbitini are very common in the veffels in 
jheep's livers. And Dr. Lifter tells of them, found in the kidney of 
a dog, and thinks that the fnakcsand toads, &c. faidto be found ia 
animal's bodies, maybe nothing el fe. Lowth. ib. p. 120. Nay, 
more than all this : in Dr. Bern. Verzafcha's (ixth obfervation, there 
are divers inftanccsof worms bred in the brain of n\an. One, a 
patient of his, t^ubled with a violent head-ach, anfl an itching 
about the noftrils, and frequent faeezing ; who, with the ufe of a 
ineezmg-powder, voided a worm, with a great deal of foot from 
his nofc. A like inftance he gives from Bartholine, of a worm ' 
voidtid from the nofc of O. W. which he gucffcth was fhe famous 
Oiaus Wormius : another, from a countrywoman of Deitmarfh ; 
and others in Tulpius, F. Hildanus, Schenckins, &c. Thefe 
worms be thinks are undoubtedly bred in the brain : but what way 
they can come from thence, I cannot tell. Wherefore I lather think 
they are fuch worms as are mentioned before in note **, atrdeven that 
that was actually found in the brain of the Paris girl, when opened, 
f guefs might be laid in the laminae of the nodrils, by fome of the 

ichneumon. 
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bour and care they carry in, and feal up provU 
vifions, that ferve both for the produdion of 
their young, and alfo for their food and qurture 
when produced % 

The other piece of remarkable art and care 
about the produdion of their young, is their 
curiofity and neatnefs in repofiting their eggs, 
and in their nidification. 

As to the firft of which, we, may obferve, that 
great curiofity and nice order is generally ob- 

ichncamon. or ether infc^^ kind, and might gnaw its way into the 
brain, through the os cribriform.e» Ot this he tells us from Barcho- 
iifie, * Tandem cum tabida obXflct, ftatim aperto cranio praefentes 
' medici tocam ccrebelli fubftantiam, quae ad dextram vergit, a reii- 

* quo corpore fejun^^am, nigraque tunica involutam dcprehcndcrunt t 

* hacc tunica rupta, Utcntem terroem vivum, et pilofum, duobaa 

* pun6bis fplendidts loco ocubrum prodidit, ejufdcm fere roolis cum 

* re I {qua cerebri portione, qui duarum horarum fpatio fuperTixit/ 
B. Vcnaf. obf. Medics, p. i6. 

Hildanus tells us fuch another ftory, viz. * Filius Tbeod, auft dcr 

* Roulen, Avunculi mci, diutumo veaabatur dolore capitis i 

^ Dcihdc fcbricula et fternutatione exorta, niptus eft abfceflu^ circa 

* OS cribrofum— ^ vermis prorapfit.* By his figure of it, the mag- 
got was an inch long, and full of briftles. Fabri Hildan. Cent i. 
obf. 

Galenus Wienis, phyiician to the Prince Jul. et Cleve, he faith, 
told him, that he had, at divers times, found worms in the gall- 
bladder in perfoni he had opened at Dulfcldorp. Id. ib« obf. 60. 

' See before, book if. chap. 13, 

Some 



INSECTS CAR2 OF THEIR YOCSg. ^j 

lervcd by them in this matter. You fliall always 
fee their eggs laid carefully and commQdioufl)^ 
up*. When upon the leaves of vegetables, or 
' other materials on land, always glued thereon 
with care, with one certain end lowermoft, and 
with bandfome juxta-pofitions*'. Or if id the 
waters, in neat and beautiful rows oftentimes, in 
that fpermatic, gelatine matter, in which they 
are repofited, and that matter carefully tied 
and fattened in the waters, to prevent its diffi- 
pation '^, or if made to float, fo carefully fpread 

and 

*■ Some inferos lay up their eggs in cTuftcrs, as in holes of f!e(h, 
and fuch places, where it is neceffary they ihould be crouded to- 
gether ; which, no qucftiun, prevents (heir being too much diied up 
in dry places, and promuies their hatching. But, 

* As for fttch as are not to be cluftercd up, great order is ufed. I 
have feen upon the pofis and (ides of windows, little round eggs, 
refcmbling fioall pearl, which produced fraatl hairy caterpillars, thic 
were very neatly and orderly laid. And, to name no more, the 
white- butterfly lays its neat eggs on the cabbage leaves in good order, 
always gluing one certain end of the egg to the leaf. 1 cai! them 
heat eggs, becauf. if \ie view them in a m crofcope, we (liall tind 
them very curiouQy furrowed, and handfumly made and adorned. 

* By reafon it would be endlefs to fpecify the various geneiation 
of infttti in the water, 1 fhall therefore, becaufcit is liti'e ohPerv- 
cd, take Pliny's inftance of the gnat, a mean and contemned ani 
mal, but a notable in dance of nature's Avork, as he faith. 

The firft thing confiderable in the generation of this infef^, is, for 
the fizcof the animal, its vaft fpawn, being fomeof them above an 
inch long, and half a quarter diameter; made to float in the water, 
and tied to fome ftick, (lone, or other fixed thing in the watexs, by a 
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and poifed, as to fwim about with all poffiblc 
artifice* 



And 

Tmall fiem, or flalk. In this gelatine, transparent fpawn, the eggs 
are neatly laid ; in Tome fpawns in a Ongle, in fome in a double 
fpiral line, running round from end to end^ as in Fig. 9. and 10; 
and tranfverfly, as in Fig. 8. 

When the eggs are by the heat of the fun, and warmth of the 
feafon,' hatched into fmall maggots, thefe maggots defcend to the bot- 
tom, and by means of ^fomc of the gelatine matter of the fpa\vn» 
which they take along with them, they ftick to ftoncs, and other 
bodies at the bottom, and there make themfclves little cafes or cellsj 
which they creep in^o and o^t of at pleafure, until they are arrived 
to a more mature nympha>(late, and can fwim about here and there, 
to feek for what food they haveoccafion ; at which time, they dre a 
kind of red- worms, above half an inch long, as Fig. 1 1. 

Thus far this ipean infe6t is a good inflance of the Divine Provi- 
dence towards it. But if we farther condder, and compare the three 
Aates it undergoes after it is hatched, we fhall Hnd yet greater fignals 
of the Creator's management, even in thefe mean eft of creatures:. 
The three ftates I mean, are its nympha vermicular ftate, itsaurelia, 
and mature (late, all as different as to ihape and accoutrements, as 
if the infc£l: was three different animals. In its vermicular- Hate, it 
is a red maggot, as I faid, and hath a mouth and other parts accom* 
modated to food. In its aurelia-ftate, it hath no fuch patts, becaufe 
it then fubfifts without food ; but in its mature, gnat-flate, it hath 
a curious well made fpear, to wound and fuck the blood of other 
animals. In its vermicular ftate, it hath a worm like body, and 
fumething analogous to fins or feathers, (landing ere6l near its tail, 
and running parallel with the body, by means of which refifting the 
waters, it is enabled to Avim about by curvations, or flapping its 
body fide- ways, this way and that, as in Fig. 12. 

But 
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And as to their other faculty, that of nidlfi- 
cation, whether it be exerted by boring the 
earth or wood, or building themfelves cells ^, or 
fpinning and weaving themfelves cafes and webs, 
it is all a wonderful faculty^ of thofe poor little 
animals, whether we confider their parts where- 
with they work, or their work itfelf. Thus thofc 
who perforate the earth, wood, or fuch like, 
they hav^ their legs, feet, mouth, yea, and 
whole body, accommodated to that fervice ; 
their mouth exa6Hy formed to gnaw thofe hand- 
fome round holes, their feet, as well made to 
fcratch and bore 5^, and their body handfomely 
turned and fitted to follow. But for fuch as 
build or fpin themfelves nefts, their art juftly 
bids defiance to the moft ingenious artift among 

men, fb much as tolerably to copy the nice 

geomertical 

But in itv aureria-ftatCy it haih a quite diiTercnt body, with a club- 
head, (in which the head, thorax, and wings of the gnat areinclof- 
ed) a flcnder alvus^ and a neat finny uil, (landing at rig) t anglct 
with the body, quite contrary to what it was before; by which 
means, inftead of eafy flapping fideways, it fwims by rapid, briik 
jirks, the quite contrary way ; as is in fome meafure rcprefcnred in 
Fig. 13. But when it becomes a gnat, no finny-tail^ no ilub-hcad, 
but all is made in the moft accurate manner fur flight and motion 
in the air, as before ^t was for the waters. 

* See book iv. chap. 13. 

T Thus the moths and other parts of the ichneumon- wafps, in 
bo«k iv. chap. 13. So the feet of the gryllotalpa. 

» See 
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geometrical combs of fome *, the earthen cell* 
of others, or the webs, nets, arid cafes • woveri 
by others. And here that natural glue ** which 
their bodies afford fome of them to confolidate 
their work^ and combine its materials together, 

and 

* See the laft cited places. 

* Of theteztrine art of thefpider, ind its ferVingto that purpofti 
fee the laft cited place. 

Befides thefe, caterpillars, and divers other infe£ls, can emit 
threads, or webs, for their ufe. In this their nympha-fiaie, they 
fecure themfelves from falling, and let themfelTcs down from the 
boughs of trees, and other high places, with one of theie threads. 
And in the cafes they weave, they fecure themfelves in their aurelia* 
ftate. 

And not only the offspring of the pbalaena tribe, but there are 
fome of the ichneumon-fly kind alfb, endowed with thu texthne art. 
Of thefe I have met with two forts ; one that fpun a milk-white» 
long, round, Olken web, as big as the top of one's finger^ not hollow 
within, as many are, but filled threughout with (ilk. Xhefe are 
woven round bents, fialks of ribwort, &c. in meadows. The other 
it a lump of tnany yellow, filken cafes, flicking confuicdly together 
on pods,' under coleworts, &c. Thefe webs contain in them fmall, 
whitifb maggots ; which turn to tf fmall, black ichneumon -fly, with 
long, capillary antennae ; tan coloured legs ; long wings reaching 
beyond their body, with a black fpot near the middle ; the alvus 
like an heart; and in fome, a fmall fctaceous tail. Some of thefe 
flies were of a fhining, beautiful green colour. I could not perceive^ 
any difference, at leafl not fpecifical, between the flies coming from 
thofe two produAions. « ^ 

^ I have ofceil admired how wafps, hornets, ichneumon-waips, 
and other infects that gather dry materials for building their nefts, 

have 
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and which in others can be darted out at plea- 
fure, and fpun and woven by them /into filken 
balls * or webs : I fay, this fo peculiar, fo fer- 
viceable a material, together with the curious 
ftru6ture of all parts miniftering to this textrine 
power, as mean a bufinefs as it may feem> is 
fuch as may juftly be accounted among the 
noble defigns and works of the infinite Creator 
and Confervator of the world. 

In the laft place, there is another prodigious 
faculty, art, cunning, or what ihall I call it ? 
that others of thofe little animals have, to make 
even nature itfelf ferviceable to their purpofe; 

and 



kave foand a proper matter to cement and glue their combs, and line 
their cells ; which we find always lufficientiy context and firm. 
But in all probability, tbu ufeful material is in their own bodies ; as 
it is in the tinea yeftivora, the cadew-worm, and divers other. 
Goedart obferves of his eruca, Num. xx. 6. that fed upon fallow- 
leaves, that it made its cell of the comminuted leaves, glued to . 
gether with its own fpittle. ' Hxc pulveris aut arena: inftir com* 

* minuit, acpituitofo quodam fui corporis fucco itajnaceravit, ut in* 
^ de accommodatum fubeundx mutationi inftanti locum iibi ex- 

* ftruxerit. Domuncula haec a communi falicum ligno nihil differre 
< videbantur, nifi quod longe eflent duiiora, adeo ut cukro vix dif- 

* rumpi poifent.' 

* * An ingenious gentlewoman of my acquaintance, wife to a 

* learned phyfician, uking nnich pleafure to keep filk worms, had 
^ once the curiofity to draw out one of the oval caies, which the filken 

* worm fpins— into all the filken-wire it was made up of, which to 

* the great wonder as well of her huiband, as herfclf, - appear- 
Vol. II G * ed 
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and that is, the making the vegetation ind 
growth of trees and plants, the very means of 
the building of their little nefts and cells **, fucH 
as are the galls and bails found on the leavea 

and 



' ed to be, by meifure, a great deal above 300 yards* and yet weigh- 
* ed but two grains and an half.' Boyle SubtiJ. of Effluv. chap, 2. 

^ Since my penning this, I have- met with the moft fagacioua 
Malpighi's account of galls, &c. and find his defcriptions to be ex- 
ceedingly accurate and true, having traced myfelf many of the 
ptoHufli ns he hath mentioned. But I find Italy and Sicily (hit 
bo<jk de Ga liv bfmg publiflicd long after he was made profefTor at 
MeiTina) moie luxu ant in fuch produ6^ions than England, at leftft 
than the parrs about Upminifter, where I hve, are. For many, if 
nor moft of th •(• abou' u&, art tiken notice of by him, and feveral 
others bellies thn I never met with; although I have, for many 
years, as cnrically obferved all th'e excrefcences, and other 
morbid tumours (>f vegetables, as is almoft poffible, and dp believe 
that few or thcro have efcapcd me. 

A t<) the meihod how thofe galls and balls are produced, the moil 
iimpic, anc* cnicqutntiy the mofteafy to be accotmtcd for, is that in 
t? I- i^ems of oak » which mav be called fquamous oak-cones, capitula 
fquHmt , m Malpi^hi whole defcnption not exa£tly anfwering our 
EiuLfh c>>nes in divers lefpcfls, I Ihall therefore pafs his by, and 
&ew only what I have obferved myfelf concerning them. 

Thcfe cones arc, in outward appearance, perfe6^1y like the gemf 
onlv vaftly bigger ; and indeed they are no other than the gems, in- 
cieafed iu bignefs, which naturally ought to be pufhed out in length : 
the caufe of uhich ob(lru£tion of the vegetation is this : into the 
very heart of the young tender gem or bud (which begins to be 
turgid m June, and to (hoot towards the latter end of that month, 
or beginning of the next ; into this^ I fay ) the parent inie£l tliruftt 

one 
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and branches of divers vegetables, fuch as the 
oak, the willow % the briar, gnd fome others. 

Now 

Q^e or more eggi^ and not perhaps without fome venoniovs ichor 
therewith. This egg foon bccotnts a maggot, which cats iifelf ^ 
itttleccll in the very heart or pith of the gem, which is the rudiment 
pf the bnnch, together with its leaves and fruit/ as ihall be heoe- 
afcer ihewa. The braoch being thus whoUy deftroycd, or at leal( 
its vegetation being obftru6^ed, the Tap tha( was to nourifli it, is di- 
verted to the remaioiog parts of the bud,' which are ouly the fcaly 
teguments; which by thefe means grow large and flouriihingy and 
become a covering to the inCtSk-ctSCf at before they were to the 
tender branch and its appendage. 

The cafe lying >vithin this cone, is at firil but rmall,as the maggot 
included in it is; but by degrees, as the maggot increafeth, (bit grows 
bigger, to about the (ize of a large white pea, long and round, 
lefeinbling the ihape of a imall acorn. 

The infe^^itfelf is, according to the modern in{e£toIogersy of the 
ichneumon-fly kind, with four membranaceous wings, reaching a 
iittle beyond the body, articulated horns, a large thorax, bigger 
than the belly ; the belly Ihort and conical, much like the heart of 
flBtmals ; the legs partly wbitiOi, partly black. The length of t^e 
body from head ro uil^ about two tenths of an inch $ its colour, n 
very beautiful fbining green, in fome tending to a dark copper col- 
pur, Figures botli of the cones, cafes, and inft^ls, may be feen 
among Malpighi's cuts of galU Tab. 13. and Tab. 20. Fig. 7^. 
which Fig. 71. exhibits well eaough fome others of the gall-iofe^b^ 
but its thorax is fome what too (hoit for ours. 

« Not only the willow, and Ibme other trees, but plants alio, as 
ncttlet, ground ivy, &c. have cafes produced on their leaves, by 
the injedlion of the eggs of an ichneumon *fly. I have obferved 
thofe cafes always to grow in, or adjoining to fome rib of the leaf, 
and their produ^ion I conceive to be thus, viz. the parent infe£^, 
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Now, this is fo peculiar an artifice, and fo 
far out of the reach of any mortal underftand- 
ing, wit, or power, that if we confidcr the 
matter, with fome of its circumftances, we muft 
needs perceive manifeft defign, and that there 
is the concurrence of fome great and wife Being, 
that hath, from the beginning, taken care of, 
and provided for the animars good : for which 
reafon, as mean as* the inflance may feem, I 
might be excufed, if I Ihould enlarge upon its 
particulars. But two or three hints Ihall fuffice. 

In the firlt place, it is certaiii,that the formation 
of thofe cafes and balls quite exceeds the cunning 
of the animal itfelf ; but it is the aft partly of the 
vegetable, and partly of fome virulency, (or what 
fliall I call it ?) in the juice, or egg, or both, repor 
fited on the vegetable by the parent-animal % And 

as 

with itsflifffetaceous tail, terebrates thenbof the leaf, when tender 
and makes way for 1t^ eeg into the veiy pith or heart thereof^ and 
probably lavs in therewith, fome proper juice of it$ body, to pervert 
the fegular veg» taiion of it. From this wound arifes a fmall excref- 
cence, which when the egg is hatched into a maggot, grows bigger 
and bigger, as the maggot increafes, fwelling on each itde the leaf* 
between the two membranes, and extending itietf into the parenchy- 
mous part thereof, until it is grown as big as two grains of wheat. 
In this cafe lies a fmall, white rough maggot, which turns to an 
aurelia, and afterwards to a very beautiful gre^n, fmall ichneumon* 

fly- 

' What I fufpeded my (elf, I find confirmed by Malpighi, who, 
vs^ his cxa£t and true defcriptipn of the fly bred in the oaken gall^j^ 

faith^ 
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ail this virulency is various, according to the di|Fer- 
ence of its animal, fo is the form and texture 
of the cafes and balls excited thereby; fome be- 
ing hard fhells^, fome tender balls ^, fome 

fcaly 

» ■ « 

faith, ' Non fat fuit naturae tarn miro artificio terebram feu limam 

* coodidiffe • fed infli£^o vulnbre, yd excicato foramine inf aodendum 

* cxinde liquorem intra terebram condidit : quare frafta per tranf* 
' verfam mulcarum cerebt-a freqUentUfime, vivente animali, guttae 

* aliquot diaphani humoris effluunt.' And a little after^ he con« 
firrai by ocular obfer7acion> what he imagined before, vit. ' Semel 

* prppe Junii finem vidi mufcam, qualem fgperius delineavi, infi- 

* dentem quercinae gemmx, adhuc germiaanti; haerebat etenim 

* foliolo ftabili ab apice hiantis gemmae erumpenti *. et conTulfb in 
' arcam corpore, terebram evaginabat, ipfamque tenfam immitte* 
' bat i et tumefa6lo rentre circa terebrae radicem tamorem excitabat, 

* mufca interpolatif vicibus remittebat. In folio igitur, avullk 
' minima et diaphana reperi ejeCbi ova, fimillima iis, quae adhuc 
^ in tubia fupererant. Non iicuit iterum idem adminuri fpe£bictt* 

* lum, &c. 

Some what like thk, which Malpighi faw, I had the good for- 
tune to fee myfelf once, ibme years ago : and that \yas the beauti- 
ful Ihioing oak-ball ichneumon ftrike its terebra into an oak-apple 
divcn times, no dout>t to lay its eggs therein. And hence I ap- 
prehend we fee m iny fcrmicules towards the outfide of many of 
the oak apples, which I gueft were not what the primitive in(e& 
laid up in the gem, from which the oak-apple had its rife, but 
fome other fupervenient, additional. infe6ls, lacid in after the apple 
was grown > and whilft if was tender and foft. 

t The Aleppo-galls, wherewith we make ink, may be reckoned 
of this number, being hard, and no other than cafes of inie6ts 
which are bred in them ; who, when come to maturity, gnaw their 
way out of them $ which is the caufe of thofe little holes obferrable 
in them. Of the infe£ts bred in themi fee Philof. Tranf. No. 24$. 
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Of this number alfo are thofe fittlc fmooth cafes, as Wg as lA/gft 
pepper-corn 8) growing clofe to the ribs under oaken leaves, glo- 
bout, but Hattiih ; at firft touched with a blufhiag red, afterwards 
growing brown* hollow within, and an hard thin (hell without. 
In this lieth commooly a rough, white maggot, which becomes « 
little longwwinged, black ichneumon -fly, that eau a little hole is 
the fide of the gall, and fo gets out. 

* For a fample of the tender balls, I fl»ll chofe the globous ba1!» 
as round, and ibme as big as fmatl muiket-bulkts, growing elofe 
to the ribs, under oaken-leaves, of a greeniih yellowifli colour, with 
a bluih of red ; their (kin fmooth, with frequent rifings therein. 
Inwilrdly they are very foft and fpungy ; and in the very centre if 
a cafe with a white maggot therein, which becomes an ichneumon* 
fly, not much unlike the la(t. As to this gall, there is one thiag I 
have obferved fomewhat peculiar, and I may fay provideutial, and 
that is, that the fly lies all the winter in thefc balls in its infantine* 
Bate, and comes not to its maturity till the following fpring. la 
the autumn, and winter, theft balls fall down with their leaves to 
.the ground, and the infe£k mclofed in them is there fenced againft 
the winter frofts, partly by other leaves falling pretty thick upon 
them, and efpecially by the thick parenchymous^ fy^& Vf^9, 
afibrdcd by the galls themfelves. 

Another (ample fliall be the large oak-balls, called oak*applca, 
growing in the place of the buds, whole generation^ vegetation 
and figure, may be feen in Ma) pig. de Gal I is, p. 24. and Tab. lo. 
, fig. 33, &c. Out of thefe galls, he faith, various fpecies of flies 
come, but he names only two, and they are the only two I ever 
faw come out of them : ' Frequenter^ faith he, fubnigne font mufcs 

* brevi munit« terebra. Inter has aliquB obiervantur aurese^ 

* levi viridis tin£^ura fuffufae, obloaga pollentes terebra.' Thefe 
two diflerently coloured flies I take to be no other than male and 
female of the fame fpecies. I have not obferved tails, which aro 
their terebrse, in all, as Malpighi feems to intimate : perhaps thef 
were hid in their thecx, and I could not diicovcr them 1 but I rather 
think there were none, and that thole were the males: but in' 
others, I have obferved long, recurvous tails, longer than their' 
Miole bodies ^ and tliefe I take to be the females. And in the oak 

appltt 
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fcaly S fome fmooth \ fome hairy \ fome long, 

fome 



apples themfelves, I have feen the anrelix^ ibme with, fome with- 
out tails. And I muft confefs, it was not without admiiation^ as 
.wcU as pleafure, that I have feen with what exa£k neatnefs and 
artifice^ the tail hath been wrapt about the aurolia, whereby it is 
fecured from either annoying the infe£i:, or being hurt itfelf. 

^ See before^ note ', p. 98: 

* Ibid. 

* Of the rough or hairy ezcreicences, thofe on the briar, or dog- 
t6kf are a good inftance. Thefe fpongiols villofse, as Mr. Ray, 
gallae ftrumofaB) as Dr. Malpighi calls them, are thus accounted for 
by the latter; ' £x copiofis relidis ovis itaturbatur affluens (nibi) 
fticcusy VK ihrumofa fiant complura tubercula firaul confuie congefta, 
' quae ucriculorum fcribus, et £bramm implicatione contexta, ra- 

* moTas propagines genniaant/ ita ut minima quafi fylva apparear. 

* Qpaelibet propago ramos^ hinc inde villofos edit. Hlnc inde pile 
'^ pariter erumpunt,' &c. 

Theft balls are a lafe repofitory to the mCeSt all the winter in its 
Vermicular-ftkte. For the eggs laid tip, and hatched the fummer 
before, do not come to mature infe£(s until the fpring following, as 
Mr. Hay rightly obfenres in Cat. Cantab. 

At to the infe^ themfelves, they are maoifefUy ichneumon- 
flies, having four wings, their aivus thick and large towards che 
tail ; and tapering up till it is imall and (lender at its fetting on to 
thjB thorax. But the alyi, or bellies, are not alike in all, though 
toloared alike. In fome they are as is now defcribed, and longer, 
without terebrae, or tails j in fome (horter, with tails ; and in fome 
yet ihoner, and thick, like the belly of the ant, or the heart of 
animals, as in thofe before (note "*, p^ 98.) But for a farther defcrip- 
tionofthem, I (hall refer to Mr. Ray, Cat, Plant, area Cantab, 
under Rod fylyeft. 
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fome round, fome conical, &c. ". And, in the 
laft place, let us add, that thofe fpecies of in- 
fers are all endued with peculiar and exadly 
made parts for this fervice, to bore and pierce 
the vegetable, and to reach and injeft their eggs 
and juice into the tender parts thereof. 

■■ It being an inlhince ibmewhat out of the way, I (baH pitch 
upon it for an example here, vii. the gouty dwellings in the body, 
and the branches of the blackberry bufli ; of which Malpighi hath 
given us two gqgid cuts in Tab. 17. fig. 6i* The caufe of thefe is 
manifeftly from the eggs of infefls laid in, whilfl the (hoot is young 
and tender, as far as the pith, and in (bme places not fo deep r 
which, for the reafons before mentioned, makes the young fhooct 
tumify, and grow knotty and gouty. 

The infefk that comes from hence is of the fortDcr tribe, a (mall 
ibining, black ichneumon-fly, about a tenth of an inch long, with 
jointed, red, capillary horns, four long wings, reaching beyond 
the body, a large thorax, red legs, and a (hort heart-like belly. 
They hop like fleas. The males are lefs than the females; are very 
venereous, endeavouring a coitus in the very box in which they are 
hatched : getting up on the females, and tickling and thumping 
them with their breeches and horns to excite them to venery* 
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The Conclusion. 



AND now, thefe things being curioufly con- 
fidered, what left can be concluded, than 
that there is manifeft deiign and forecaft in this 
cafe^ and that there muft needs be fome wife 
artift, fome careful, prudent confervator, that 
from the very beginning of the exiftence of this* 
ipecies of animals, hath, with great dexterity 
and forecaft, provided for its prefervation and 
good ! For what elfe could contrive and make 
fuch a fet of curious parts, exaftly fitted up for 
that fpecial purpofe ; and withal implant in 
the body fuch peculiar impregnations, as ihould 
have fuch a ftrange uncouth power on a quite 
different rank of creatures ? And laftly, what 
ihould make the infeA aware of this its ftrange 
faculty and power, and teach it fo cunningly 
and dexterouily to employ it for its own fervice 
and good ! 
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OF RSfTILES* 

JJAVING dirpatched the mfcft-tribe, tiere is 

but one genus of the land-animals remaia- 

ing to be furveyed, and that is^ that of reptiles ". 

Which 

" Notwithftanding I have before, iii book lY. chap. i«. ttkia 
notice of the earth-worm ;* yet it being a good example of the 
Creator's wife and curious workmanihip, in even thit meaneft 
branch of the creation, I ihall fuperadd a few farther remarks frooi 
Drs. Willis and Tyfon. Saith Willis, < Lurobricns terreftris^ 
*- licet vil« et contemptibile habetur, organa vitalia^ necnon et alia 
^ tBcem ct membra divino artificio admirabiliter fabre£i£U ibrcitur : 

tothis 



Which I fliall difpatch in a little coitlpaft, by 
feafon I have fomewhat amply treated of others 
and many of the things may be applied hete4 
But there are fome things in which this tribe is 
fomewhat fingular, which I fliall therefore take 
notice of briefly in this place* One is thjelr mo- 
tion^ which I have in another place <* taken noticcr 
of to be not lefs curious^ than it is difierent from 

that 

' totilis coq^ris coihpages mufculonifn annulantfiji catena eft,- 

< quorum 6brae orbiculares contra6(x quemque aaBulum, prius am« 

* plum, et dilatum, an^ftiorem et loogibrem rcddimt.' [Thii 
mufcle in earth-^orms I fiad is fpiral, as » a good tfieafuit it fehdir 
iDotion likewif^ -, ' (6 that by this meaoi they can, like the worfll 

* of an augre, the better bore their pa&ge into the earth* Theic 
' reptile motion alfo may be ezplamed by a wire wound on n cy* 

* linder, which when flipped off*, and one end extended and hcM 
' fait, will bring the other near it* So the earth-worm, haTing 

* iliot out, or extended its body, which is with a wreathing, it takes 

* hold by thofe fmall feet it hath, and fo contracts the hinder pait 
' of its body.' Thus the curious and learned Dr. Tyfoo, Philod 
Tranf. No. 147.) * Nam protode cum corporis portio fupenor elon- 

* gata, et exporre^, ad fpatimn afterius extendicur, ibidemque 

* piano affigitur, ad ipTum quaii ad centrum portio corporis inferior 
^ relaxata, et abbreviata facile pertrahituf. Pedunculi fine qua- 
** druplici, per totam longituuincm lumbriai di^nuntur 1 his qitafi 
' tocidem uncit, partem modo banc, modo iftam, piano alfigilf 

< dum alteram exporrigxt, aot poft fe dudt. Supra oris hiatudi, 

* probofcide, qua terram perforat et elevat, donatur.' And theft 
lie goes on with the other parts that fall under view, the bnun, lilt 
gullet, the heart, the fpennatic veflels, the fiomachs and intefiinav 
the foramina on the top of the back, adjaining to each ring, fupply* 
ingthe place of lui^, and odicr parts. V^liii dc Anim. finic* 
p* ^. c 3. 

; See book in chap^ 9. ^ 
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that of other animals, whether we coniider the 
manner of it, as vermicular, or finuous p, or Uk^ 
that of the fnail ^, or the caterpillar % or the 

multipedou^ 

r There is a great deal ot geometrical neatnefs and nicety, in the 
£nuous motion of fnakes, and other ferpcntt. For the alfifting ia 
which a£KoD> the annular Icales under their hody are very remark- 
able, lying crofs the belly, contrary to what thofe in the baek, and 
the reft of the body do ; alfo as the edges of the foremoft fcales lie 
ever the edges of their following fcales, from head to tail ; fo thofe 
edges run out a little beyond, or over their following fcales -, ib 
as that when each fcale is drawn back, or fet a little upright, by itt 
mufde, the outer edge thereof, or foot it may be called, is raifed 
alfb a little from the body, to lay hold on the earth, and (6 promote 
and facilitate the ferpent's motion. This is what may be eafily feen 
in the flough, or belly of the ferpent-kind. But there is another 
admirable piece of mechanifm, that my antipathy to thofe animaly 
hath prevented my prying into; and that is, that every fcale bath a 
diftin6^ mufcle, one end of which is tacked to the middle of itt 
fcale; the 6ther, to the upper edge of its following icale. Thia 
Dr. TyfoQ found in the rattle-fnake, and 1 doubt aot is in the 
whole tribe. 

'^ The wife author of nature, having denied feet and claws to ea-^ 
able fnails to creep and climb, hath made them amends in a way 
more commodious for their ftate of life, by the broad (kin along 
each iide of th^ belly, aud the undulating motion obfervable there. 
By this latter it is they creep ; by the former, aflifted with the glu- 
tinous flime emitted from the fnail 's body, they adhere firmly and 
fecurely to all kinds of fuperficies, partly by the tenacity of their 
iiime, and partly by the preflure of the atmofpbere. Concerning 
this part, which he calls the foail's feet, and tlieir undulation, fe& 
Dr. Lifter's Exercit. Anat. i. fe£^. i. and 37. 

' The motive parts, and motion of caterpillars, are ufefuf, sot 
•nly to their progreflion and conveyance from place to place ; but 

alfo 
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multipedous % or any other way; or the parfs 
miniftering to it, particularly the fpine^, and the 
Idiufcles co-operating with the fpine, in fuch as 
have bone, and the annular, and other mufcles, 
in fuch as have none, all incomparably ntiade for 
thofe curious, and^ I may fay, geometrical 

various 



alfo to their more textain, eafy, and commodious gathering of food : 
for having fce( before and behind, they are not only enabled to go 
by a kioif of fteps made by their fore and hind-parts ; but alfo to 
climb up vegetables, and to reach from their boughs and ftalks for 
food at a diflance : for which fervices their feet are very nicely 
made both before and behind. Behind, they have broad palms for 
iticking to, and thcfe befet almoft round with fmall (harp nuls, to 
^hold and grafp what they are upon : before, theik- feet are iharp and 
kooked, tp draw leaves, &c. to them, and to hold the fore-part of 
the body, wbilfi the hinder-pans are brought up thereto. But nor 
thing is more remarkable in thefe reptiles, than that thefe parts and 
motions are only temporary, and incomparably adapted only t» 
their prefent nympha-ftate ; whereas in their aurelia-ftate, they have 
neither feet nor motion, only a little in their hinder-parts : and in 
the mature date, they have the parts and motion of a flying infeA, 
made for flight. 

• It is a wonderful pretty mechanifna, obienrable in the going of 
multipedes, as the juli, and fcolopendrx, that on each fide the body, 
every leg hath its motion, one very regularly following the othec 
firom one end of the body to the other, in a way not eafy to be de*- 
fcribed in words ; fo that their legs in going, make a kind of undu- 
latioD, and give the body a fwtfter progreffion than one would 
Imagine it ikould have, .where fJo many feet are to take fo many 
ihort fteps. 

^ ' Venebranim apophyfes breviores funt, praecipue juzta caput 
f cujus propterca flcxui in averfom, et latera, fitciiii viperis efl 1 

fecut 
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inurtous wiodiags aad turnings, unduhtions^ an4 
all the variou9 motions to be met with in the 
reptile kind. 

Another thing that will de&rve our notice^ is^ 
th^ poifon ^ that many of this tribe are flocked 
with* Which I the rather mention, becaufe fomc 
make it an objeAion againft the divine fuperin- 
tendence and providence, as being a thing fo far 
from ufeful, they think^ that it is rather raif- 

chievous 



^ fecttileoiubaty&c. Incaiabic bit o(fibus iBgeni mufcttloruin rol&«r 

* tonim pnefidimn, turn fpiaMtendioum exiiium magno ■pptntv de* 
' ducenuufiiy turn vertebras pettflBmum in divcrfa fle)ftentium» atque 
^ erigendum. Ad«oque illam corporis miram agilkatemy non tan 

^ tUBD) (lit Ariftot.) 0T< i^%afjiie*l( K«e) y(Q)fif»hie U aft&9iv>^0ij qUOAUUH 

' faciles ad flcxum, «t cartiiagincat produxit ycrtebrai, fad quia 
' etiam mulciplicia motus localis tDflnimeiKa mufculos fabrefeck 

* prorida renun pareas nataniy confecut^ fuit.' Blaf. Amu. Aniiii* 
fi. I. c. 39. dc Vipera c Ytflingio. 

' That which is more remarkable in the yertebre (of dift 
< rattle- fnake, befides the other curious articulations,) is, that 
' the loond bail in che lover part of the upper vercabm, enters a 
' fockcc of the upper pait of the lower rertebra, like as tiie 
' heed of the os femoris deth the acetabulum of the os ifiohit t fof 
' whicb cositriTancey ns aifo the articulation with one aagdMr, 

* diay have that free motion of winding thc&r bodies any way.' 
Dr. Tyfea's Anat of the Ratde-iaake in Philofoph. Tranf. No. 144. 
Wliat is bmpc «b(erved of the vertebra: of this laake, is fiommcn 
to this whole genus of reptiles. 

^ My ingenious «nd leax«ed friend. Dr.- Mead, eauunincd with 
bit nicipkope, the texture of a viper'^ poiiboy nnd found therein 
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phievpus and deitruftive of God's creatures* JPut 
the anfwer is eafy, that a$ to man thofe creatures 
are not without their great ufes, particularly in the 
cure of <bme ^ pf the moft (hibborn difeafes ; 

however, 

«t firft onlj * a p^cel of finall falts nimbly ^oatii^gon the liquori 
f but io a ihort dme the appearance was changed, and theft (alin« 
' particlct yere (hot out into cryftaltt of an incredible tennity aii4 
' Aaqfmeffly with ibraething like knots here and there, from wbicll 
f they feeaed to proceed ; fo that the whole texture did in a maji* 
• ner rcprefent a fpider's web, though infinitely Ener*' Mead of 
Poifbns, fu 9. 

At to the nature and operation of this poifon, fee (he fiune inge^ 
l^ous author's hypotheiis, in his fbllowiog pages. 

This poifon of the viper lietb in a bag in the gums, at the upper 
end of the teeth. It is feparated from the blood by a conglomenue4 
gland, lying in the anterior lateral part of the os fincipids, juft be*? 
tiind the orbit of the eye : from which gland lieth a du6l, that con* 
▼eys the poifon to the bags at the teeth, 

^fae teeth are tubulated, for the conveyance, or emiffioncfthe 
poifon into the wound the teeth make ; but their hollowneis doth 
not reach to the apex, or top of the tooth, (that being folid and 
ftaip, the better to pierce }) but it ends in a long flit below the 
point, out of which the poifon is emitted. Thefe perforations of 
the teeth, Galen faith, the mountebanks oied to Hop with fome 
kind of pafte, before they fuffered the vipers to bite them before 
their fpedators. Cuts of thefe parts, &c. may be feen in the iaft 
cited book of Dr. Mead. Alfo Dr. Tyfbn's Anat, of the Rattle* 
Snake, in Phil, Tranf. No, 144. 

^ That vipers have their great ufes in phyfic is manifefl from their 
bearing a great ihare in fome of our heft antidotes, iiich as theriaca 
Andromachi, and others j alfo in the cure of the elephantiafis, and 
•Cher the like flubbom maladies, for which I ihall refer to the me« 

dical 



IX* OF BEFTILES* 

however, if they were not, there would be no in. 

dicalwnten. But there is fo ftaguUr a cafe In the curious coIlec« 
doa of Dr. Ol. Worroiusy related from ILircher, that I (hail en* 
tertain the reader with it. Near the village of SalTa, about eight 
miles from the city Bracciano id Italy, faith he, ' Specus feu caverDa, 
' vttlgo La Grotu del Serpi, duorum hominum capax, fiftulofis 

* quibufdam foraminibus in formam cribri perforata cemitufy ex 
' quibus ingens quxdam, principio veris, diveriicuIorunA ferpen- 
' tunii nulla tameai ut dicitur^ fingulari Veneni qualitace imbuta* 

< rum progenies quotannis pullulare folet. In hac fpeluoca ele- 

< phantiacos, leprofos, paralyticot, anbriticoSy podagricot, &c* 

* nudos expoaere folcnt, qui mox halituum fubterraDeorum caiore 

* in fudorem refoluti, ferpentum propuUantium, totum corpus ia- 
' firmi implicantium, fu£hi lin^uque ica omni vitiofo virulentoque 
' humore privare dicuntur, ut repetito hoe per aliquod tempus rae- 
' dicamentOy tandem perfe&ae fanitati redicuantur.' This cave 
Xircher viiited himfelf, found it warm, and fvery way agreeable to 
the defcription he had of it ; he faw their holes, heard a murmuring 
hilCng Doiie in them ; but although he milTed feeing the ferpents, 
it being the fealbn for their creeping out, yet he faw great numbers 
of their exuviae, or Houghs, and an elm growing hard by laden with 
them. 

The difcovcry of this cave was by the cure of a leper going from 
Rome to fome baths near this place ; who loiing his way, and be« 
ing benighted, happened upon this cave ; and finding it very warm, 
pulled off his clothes, and being weary and deepy, had the good 
fortune not to feel the ferpents about him till they had wrought bis 
cure. Vide Mufeum Worm. 1. 3. c. 9. 

The before commended Dr. Mead thinks our phyficians deal too 
cautiouily and fparingly, in their prefcribing only fmall quantities 
of viper's fleih, &c. in the elephatitiafis, and ihibbom leprofies : 
but he recommended rather the jelly or broth of vipers ^ or, as the 
ancient manner was, to boil vipers and eat them like fiih $ or at 
leait to drink wine, in toiiich they have been long infufed. Vide 
Mead, ubi fupra, p. 34. 

juftice 
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juftice for God to make a fet of fuch noxious 
creatures, as rods and fcourges, to execute the 
divine chaftifements upon ungrateful and finful 
men. And I am apt to think th?it the nations 
which know hot God, are the moft annoyed with 
thofe noxious reptiles, and other pernicious cr^ar 
tures. As to the animals themfelvcs, their poifon 
is, no doubt, of fome great and fpecial ufe to 
themfelves, ferving to the more eafy conqueft, and 
lure capture of their prey, which rhight other- 
wife be too refly and ftrong, and if onceefcaped, 
'would hardly be agaih recovered, by reafon of 
their fwifter motion, and the help of their legs; 
befides all which, this their poifon may probably 
be of very great ufe to the digeftion of their 
food-i 

And as to the innocuous part of the reptile- 
kind, they as well deferve our notice for their 
harmlefncfs, as the others did for their poifon. 
For as thofe are endowed with poifon, becaufe 
they are predacious y fo thefe need it not, becaufe 
their food is near at hand, and may be obtained 
without ftrife and conteft, the next earth * afFord- 

* That earth-worms live upon earth, is manifcil from the little 
curled heaps of their dung eje^ed out of their holes. But in Phil. 
Traof. No. 241. I have faid, it is in all probability earth made of 
rotted roots and plants, and fuch like nutritive things, not pure 
<{(rth. And there is farther reafon for ir, becaufe vkOiK.8 will drag 
the leaves of trees iiito ihcir holes, ^ 

Vol: II. H • . ing 
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ing food to fuch as can terebrate, and make way 
into it by their vermicular faculty ; ?»nd the next 
vegetable being food to others that can climb and 
reach y, or but crawl to it. 

T Snails might be in danger of wanting food, if they were to li^e 
only upon fuch tender plants as are near the ground, within their 
reach only; to impower them therefore to extend their purfuiia 
fanher, they are enabled^by the means mentioned in note q. p. io8. 
to dick unio, and creep up wails and vegetables at their pLeafurc. 



CHAP» 



CHAP. II. 



OF THE INHABITANTS OF THE WATERS 



I HAVE now gone through that part of the 
animal world, which I propofed to furvcy, 
the animals inhabiting the land. 

As to the other part of the terraqueous globe, 
the waters, and the inhabitants thereof, not hav- 
ing time to finiih what I have begun on that large 
fubjeft, I Ihall be forced to quit it for the prefenr, 
although we have there as ample and glorious a 
fcenc of the infinite Creator's power and art, as 
hath been already fet forth on the dry land. For 
the waters themfelves are an admirable work of 
God % and of infinite ufe* to that part of the globe 

already 

■ Bcfides their abfolute neccflity and great ufe to the world, there 
are fcveral topics, from whence ihe waters may be demonftrated to 
be .God's work; as the creating fo v aft a part of our globe; the 
placing it commodiouily therein, and giving ic bounds; ilie me* 

^ n » thods 
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already furvej'ed ; an^ the prodigious variety K 
and multitudes of curious and wonderful things- 
obfervable in its inhabitants of all forts, are an 
inexhauftible fcene of the Creator's wifdom and 
power. The vaft bulk of feme % and prodigi- 
ous minutenefs of others *^, together with the in- 

coni- 

thods of keeping it fwect and clean, by its faltncfs, by the tides, 
and agitations by the winds; the making the waters ufeful to the 
Vegetation of plants, and for food to animals, by the qoble methods 
of fweetning them ; and many other things btfides, which are in- 
fifled on in that part of my iunrey. 

* Pliny having named divei^ mirabilia aquanim, to fhew their 
power J then proceeds to their ufes, viz. ' Eaedtm cadentes omnium 

< terra nafcentium caufa fiunt, prorfus mirabili natura, fiquts velic 

* reputarc, ut fruges gignantur, arbores fruticefque vivant, in cce^ 

* lum migrare aquas, animamque eriam herbis viialem inde dcfcrre, 

< jufla confeifione, omnes terrx quoque vires aquarum eife beneficio. 
' Q^aproptcr ante omnia ipfaruilBr potemiae exempla poneipus : 
•' cun£las enim quis mortahum enumefare queat }* And then he 

goes on with an enumeration of fome waters famed for being me- 
dicinal, or fome other usufual quality. Plin. 1. 31. c« i, and 2. 

* Pliny reckons 176 kinds in the waters, who^e ramcs may be 
met with in his 1. 32. c. i x. but he is (hort in his account. 

* Pliny, 1. 9. c. 3. faith, that in the Indian fca there arc balenr 

* quaternum jugerum, (i. c. 960 feet) prides 200 cubitorum, (i. e. 

* 300 feet).' And 1. 32. c. i. he mentions whales 600 fo(t lOnr, 
and 360 broad, that came into a river of Arabia. If the reader 
hath a mind he may fee his reafon why the largcft animals arc bied 
in the fca, 1. 9. c. 2. 

^ As the largcft, fo the mod minute animals' are bred in the wa- 
ters, as thofe in pepper>wa?er; and fuch as make the green fcum 

on 
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comparable contrivance and ftrudura- of the 
bodies of all % the provifions and fupplies of 
food afFordeil ro fuch an innumerable company of 
caters, and that in an element, unlikely, one 
would think, to afford any great ftore of fup- 
plies^; the bufinefs of refpiration performed ia 
a way fo different from, but equivalent to what 
is in land animals e; the adjuftment of the organs 

of 

on the waters, or make them feem as if green, and many others. 
:Sce hook iv. chap. 13. 

* It mighc be here (hewn, that the bodies of all the feyeral inh&- 
•1)11301$ o^ the waters, are the befl contrived and -fuiced to chat place 
and bufmefs in the waters, which is proper for them \ Yhat panicu- 
jarly, their bodies are clothed and guarded, in the beft manner, with 
fcales, or (hells, &c. fuitable to the place they are to refide in, the 
dangers they may be there expofed unto, and the motion and bufi- 
•nefs they arc there to perform : that the centre of gravity, of great 
con fide rat ion in that fluid element, is always placed in the firteft 
part of the body : that the fhape of their bodies, efpecially the more 
fwift, is the moft commodious tor making w^y through the v^acers, 
and moft agreeable to geometrical rules ; and many other matters 
befides would defcrve a place here, were they not too long for notes, 
"and that I ihall anticipate wliac (ball be , more proper for anotiier 
|)l|ce, and more accurately treated of there. 

* See before, book iv. chap. 1 1. , 

« Galen was aware of the refpiration of fifhcs by their branchisr. 
For having faid, that fifhes have no occaHon of a voice, neither rc- 
fpire through the mouth, as land animals do, he faith, < Sed earum, 

* quasWanchias nuncupamus, conftruftio, ipfis vice pulmonis eft. 

* Cum enim crebris ac tenuibus foraminibus Gnt branchise haic in- 
.< icrceptx, acri quidcm it vapori pcrviis, fubtilioribus tamen quam» 

H J pro 
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of vifion ^ to that element in which the animal 
liveth J the poife ', the fupport \ the motion of 
the body^, forwards with gre^t fwiftnefs, and 

upwards 

* pro mole aqux ; banc quidem extra repel! upt, ilia a^item prompte 

* intromittunt.' Galen de ufu Part. I. 6. c. 9. So alfo Pliny held , 
that fiflies refpired by tbeir gills ; but he faith Ariflotle was of t 
difTerent opinion. Plin. 1. 9. c. 7. And fo Aridotle fcems tp be in 

' his HiHory of Animals, 1. 8. c. 2. and in other places. And I 
may add our famous Dr. Needham. See bis; Dc Form. Foec* 
cap. 6. and Anfvvcr to Severinus. 

'^ A protuberant eye would have been inconvenient for fiifaes, by 
hindering their motion in fo denfc a medium as water is ; or elfe 
their bruHiing through fo thick a medium would have been apt to 
wear, and prejudice their eyes j therefore their cornea is flat. To 
make amends for which, as alfo for the rcfra£lion of water, differ? 
ent from that of the air, the wife Contriver of the eye hath made the 
chr)ilallinefphcrical in (iihes, which in animals, living in the air, 
is lenticular, and more flat. 

* As I have ihewed before, that the bodies of birds are nicely 
' poifcd to fwim in the air, fo are thole of fllhes for (he water, every 

part of the body being duly balanced, and the centre of gravity, as 
I faid in no'e e, p. 117. accurately flxed And to prevent vacilla- 
tion, fome of the fins fcrve, particularly thofe of the belly ; as Bo* 
rclU proved, by cutting off the beUy>fins, which caufe the fifli to 
reel to the right and left hand, and rendered it unable to ftand 
ficadily in an upright poflure. 

^ To enable the fi/h to abide at the top, or bottom, or any other 
part of the waters,, the air-bladder is given to mof^ ^flies, which, as 
it is more full or empty, makes the body more or lefs buoyant. 

* The tail is the grand indrument of the motion of .the body ; not 
the fins, as fonv: imai/inc. For which reafon, fiflics are more muf- 
culuus and ftrong in that part, than in all the reft of their body, ae^ 

I cording 

5 
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Upwards and downwards with great readinefs 
and agiliiy, and all without feet and hands, 
and ten thoufand things befides ; air thefe 
things, I fay, do lay before us fo various, 
fa glorious, and withal fo inexhauftible a fcene of 
^the divine power, wifdom, and goodncfs, that it 
would be in vain to engage myfelf in fo large a \ 
province, without allotting as much time and 
pains to it, as the preceding furvey hath coft ' 
me. Faffing by therefore that part of our globe, 
I Ihall only fay fomewhat very briefly concerning 
the infenfitive creatures, particularly thofe of 
the vegetable kingdom, and fo conclude this 
furvey. 

cording as it is in the motive parts of all animals, in the pectoral 
mufcles of birds, the thighs of man, &e. - 

If the reader hath a mind to fee the admirable method, how fiOies 
row thcmfclves by their tail, and other curiofities relating 10 their 
Aviroming; I (hall refer him to Borelli de Mot. Animal par. 
1. cap. 23. particularly to prop, 213. 



H 4 CHAP. 



I20 QF VEGETABLES. 



BOOK X- 



OF VEGETABLES. 



'THHE vegetable kingdom, although an inferior 
•*■ branch of the creation, exhibits to us fuch 
an ample fcene of tbe Creator's contrivance, curi- 
ofity, and art, that I much r^her chufe to fliew 
what might be faid, than engage too far in par- 
ticulars. I might infill upon the great variety 
there is, both of trees and plants provided for all 
ages, and for every ufe and occafion of the 
world™; fome for' building, for tools and uten- 
fils of every kind ; fome hard, fome foft ; fome 
tough and ftrong, fome brittle ; fome long and 
tall, fome Ihort and low ; fome thick and large, 

" The fifth book of Thcophraftus's Hiftory of Plants may be here 
confulted ; where he gives ample inftances of the various conftitu- 
tions and ufes of trees, in various works, &c. See alfo before, book 
iv. chap. 13. 

4 fome 
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fome fmall and flender ; fome forphyfic", fome 

for food, fome for pleafure ; yea, the moft ab- 

jc6t fhrubs °, and the very buihes and brambles 

themfclves, the hulbandman can teftify the ufe 

of/ 

I might 

n ' Invifis quoque herbis infcruic [natura] remedia: quippe cum 

* medicinas dederit ctiam aculeacis-^in quibus ipiit providcntiata 

* naturae fatis admirari amplcf^ique noo eft. — Indeexcogicavitaliquas 

* arpe£tu hifpidas, ta6lu truces, ut tantum non vocem ip(ius fingentis 
' illasy rationemque reddentis exaudire videamurynefedepafcatavida 

* quadrupes, nc procaces manus rapianr, ne ncgiedba veftigia obterant^ 
' DC iniidens a!e3 infriDgat : his muniendo aculeis, telifquc armarido, 
' rcineciiis ut tutaac falva fint. lu hoc quoque quod ia iis odimus, 
' homiDUin caufa cxcogitatum.' Flio. Nat. Hift. 1. 22. c. 6. 

* Are fome of the fpecies of nature npxious ? They are alfo ufe^* 
' ful.— *Doth a nettle fiiog ? It U to fecure fo good a medicine from 

* the rapes of children and cattle. Doth the bramble cumber a gar- 
^ den ? it makes the better hedge ; where if it chanceth to prick the 

* owner, it will tear the thief^' Grew's Cofmolog. lib. 3. cap. a* 
fc£^. 47* 

• That the moft abjeft vegetables, &c. have their ufe, and arc be- 
neficial to the world, may, in fome meafure, appear fiom the ufe the 
northern people put rotten wood, &c. unto. * Satis ingcniofum 

* modum habent populi feptentrionales in ncmorihus nofturno tem- 
^ pore pertranfeuntes, imo ct diurno, qumdo in remotioribus aqui- 

* lonis partibus ante et poft folftitium hyemafecontioua* no^cs ha- 

* bcntur. Quiquc his rcmcdiis indigent, coniccs quercinos inquir- 

* not putres, eofquc coUocant certo interQitio iti'heris inftruri, ut 

* eorum fplendorc, quo voluerint, pcrficiant iter. Nee folum hoc 
' prsftat coitex, fedet truncus purrcfa^lus', ac fungus ipfe agaricus 
^ appellatus,' &c. Ol. Mag. Hift. 1. 2. c. x6. ^ 

To this we may add thiftle^ in making glafs, whofe aibes, Dr. 
Merret faith^ are the bcft, viz. the alhes of the common way thiftic, 

though 



1 12 . ANATOMY OF VEGETABLES, 

I might alfo furvey here the curious ana- 
tomy and ftrudure of their bodies p, and fhew 
the ndmicable proviiion made for the conveyance 
of the lymphatic and eflential juices, for com- 
municating the air, as ncceflary to vegetable, as 
anmiaj life q : J might alfo fpcak of, even the 

very 

though all thiOles f^ryc to this purpofc. Next to thiftles arc hop- 
ftrings, cut after the flowers arc gathered. Plants that arc thorny and 
prickly, feem to afford the beil and mqA fait. Merret's Obfervations 
Qn Anton. Ner. p. 265. 

Quid majora fcquar ? Saliccs humilcfque gcnifls, 
Aut illx pcrcori frondcm, aut paftoribus umbram 
Sufhciunt, fcpemque fatis, et ^abula mcUi. 

Virg. Gcorg. I. 2, rcr. 434, 

f Dr. Beal, who was very cnrions, and tried many experiments 
upon vegetables, gives fome good reafons to imagine, that there is 
a dire£^ communication between the parts of the tree and the fruit, 
fo that the fame fibres which conflitute the root, trunk, and boughs, 
are extended into the very fruit. And in old horpbcans, I have ob* 
fcrvcd fomcthing very like this : In many of which, there arc divers 
great and imall ribs, almofl like ivy, only united to the body, run- 
ning from ^he root up ajong the outfide of ihe body, and terminat* 
ing in one fingle, or a few boughs : which bough or boughs fprea4 
again into branches, leaves, and fruit. See what Dr. Beal hath ii\ 
Lovvth. Abridgm. vol. 2. p. 710. 

But as to the particular canals, and other partV relating to the an- 
atomy of vegetables, it is too long a fubjc£V for tl»is place, and there- 
fore 1 ihall refer to Seign. Malpighi's and Dr Grew's labours in this 
kind. 

n ' Tanta eft refpirationis necefllras, ct ufus, \it natura in (Ingulis 
' viTentium ordinibus varia,'fcd analoga, paraverit iufliumenia, 

* quae 
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vcr}^ covering they are provided with, becaufe it 
i5 a curious work in reality, although lefs fo in 
appearance ; and much more therefore might I 
furvey the neat variety and texture of their leaves'", 
the admirable finery, gaiety, an4 fragrai^cy of 

their 

* quae pulmones vocamus [and fo he goes oq with obfcrving the 

* apparatus made in the various genera of animals, and then faith,] 

* In plantisyero, qus infimum animalium attingunt ordinem, tan- 

* tam tracheanim copiam et produ£lioDcm extare par eft, ut his 

* minimne vegcr:inrium partes praeter corticera irrigcnmr.-r— PlanL-e 
' igltur, ut conjcflari fas eft, cum Ant viventia, vifceribus infixa 
' tcrrx, ab hac, feu potius ab aqua et acre commixtis ct percolatis a 

* terra, refpirationis fua* materiam rccipiunt, ipfarumque trachcxab 
' hailtuterrne, extrcmas radices fubingrc^b, rcplentur.' Malpig. Op. 
Anat. Plant, p. 15. 

ThcR- tracheae, or air-veflVls, are vifibic, and appear very prttry 
in the leaf of fcabious, or (he vine, by pulling afundtr fome of its 
principal r*'-, or great fibres; between which, may be (cen the 
ft»iral air-vciTcIs, like threads of cobweb a litile uncoiled ; a figure 
whereof, Dr.Grew haih given us in his Anat. Plant, fig. 51, 52. 

As to the curious coiling, and other things rehtin^r ro the ftruc- 
tureof thofc air-vcffcls, I refer to Malpighi, p. 14. and Dr. Grew, 
ih. I. 3. c. 3. f(.^- 16, &c. and I.4. c 4. ic£^. 19. of Mr. Ray, fra:a 
them fuccin£lly. Hifi. Plant< 1. 1. c 4. 

' Concerning the leaves, I flialt note only two or three things : 
|. As to the fibre* of the leaf, they fland not in the ftalk, in an even 
line, but always in an .ingular, or circular pofture, and their vafcu- 
lar fibres or rhrtads arc 3, 5, or 7. The reafon of their ppfition 
thus, is for ihc more ereft growth and greater ftrength of the leaf, 
as alfo for the fccuriry of its fap. Of all which, fee Dr. Grew, 1. t. 
C.4. fc£t. f, &c. find I. 4. par. i. c. 3. alfi> tab. 4. fig. 2, to iii. 
Aiiothci obfeivalile ii^ the,fibieb of the leaf, is their ordeily pofi- 

tioa 
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their flowers % I might alfo inquire into the won- 
derful 

tion, fo as to take in an eighth part of a circle, as in mallows ; ia 
ibme a tenth, but in mod a twelfib, as in holy-oak i or a futh, a« 
io fy lingo. Id. ib. tab> 46, 47* 

2. The art in folding up the leaves before the eruption of their 
gcais, &c. is incomparable, both for its elegancy and fecurity, viz. 
' In rakint; up, fo as their forms will bear, the lead room 1 and in 

* being fo conveniently couched as to be capable of receiving pro- 
' tL^lion from other parts, or of giving it to one another, e. g. firft, 
' there is the bowlap, where the leaves are ail laid (omevvhat con-, 

* vexly one over another, but not plaited — but where the leaves 
'are not fa thick fee, ^s to (land in the bow-iap, there we have the 
« plic.iturc, or the flat-lap i as in rofc-irees, &c. And lb that cu- 
rious obfci'vcr goes on ihewing the various foldings, to which he 
gives the namis of the duplkature, multiplicature, the fore-ro>»l, 
back-rovvl, and tre- fowl, or treblc-rowl, Grew. ib. I. 1. c. 4. 
fe^. 14, kc. To thefe he adds fome others, 1. 4. p. x. c. i. fe^. 
9-. Confult alfo Malpig. de Gcmmisy p. 22. &c. 

To thefe curious foldings/ we may add another noble guard by 
the interpcfition of films, &c. of which Dr. Grew faith, there arc 
about fix ways, viz. leaves, furfoils, interfoils, ftalk, hoods, and 
mantlings. |/rew, ib. and tab. 41, 42. Malpig. ib. 

• In the flower may be confidered the empalement, as Dr. Grew^ 
the calix, or perianthium, as Mr. Ray and others, call it, defigned 
to be a fecurity, and bands to the other parts of the flower. ' Floris 

* velut bafis ct fulcimcntum eft.' RayHift. I. i. c._io. Flowers, 
^hofc petala art flrong, as tulips, have no calhc. Carnations, 
uhofc petala arc long and flender, have an empalement of one 
piece : and others, fucb as the knap-weeds, have it confifling of 
ftvcial pieces, and in divers rounds, and all with a counter-change- 
able rtlpcA to each otlier, for the greater ftrength and fecurity of 
themfelves, and the petala, &c. they include 
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derful generation and make of the feed ^, and 
the great ufefulnefs of their fruit : I might fhew 
that the rudiments and lineaments of the parent- 
vegetable, though never fo large and fpacious, 
is lock'ed up in the little compafs of their fruit or 
feed, though fome of thefe feeds are fcarce vifible 
to the naked eye ". And forafmuch as the per- 
petuity 

The next is the foliation, as Dr. Grew, the petala, or folia, as 
Mr. Ray, and others. In thefe, not only the admirable beauty, and 
luxuriant colours are obfervable, but alfo their curious foldings in 
the calix> before their expanfion. Of which Dr. Grew hath thefc 
varieties, viz. the clofe-couch, as in rofes ; the concave-couch, as 
in blattaria fioire albo ^ the (ingle-pIait, as in peafe blolToms ; the 
. doublc-plait, as in biue-bottles, &c. the couch and plait together, 
as in marigolds, &c. the rowl, as in ladies-bower : die fpire, as in 
mallows j and laflly, the plait and fpire together, as in convolvu- 
lus doronici folio. Lib. i. cap. 5. fc£l:. 6. vid tab. 54. 

As to the (lamina with their apices, and the ftylus, railed the 
uttirc, by Dr. Grew, they are admirable, whether we confider their 
colours, or make, efpecially their ufe, if it be as Dr. Grew, Mr. 
Ray, and others imagine, namely, as a male fptrm, to impregnate 
and fru£)ify the feed. Which opinion is co.'roburated by the ingeni- 
ous oLfeivarions of Mr. Samuel Moreland, in Phil. Tranf. No. 2S7. 

' Reliqua ufus alimentique gratia genu it (natura) ideoque fr- 
' cuia annoCque tribuit iis. Flores vero odorcique in diem gignit -. 
' magnet, ut paUm eO, admonitione hominum, qu«x fpt^^tatiifime 
' fioreant, celerrime maicefccre.' Ftin. Nat. Uiil. 1. 21. c. i. 

* As to the curioHS and gradual procefs of nature inilc fi)rm3tion 
of the feed or fruit of vegetables, cuts being neci-lTary, 1 fii.ill refer 
to Dr. Grew, p. 45* and Z99> and Malpig. p. 57. 

•* * Vctus eft Empedoclis dogma, plamarum femina ova tfTe, nb 
* iifd&m dccidua — Ineft in co (ovo vcl fcmine) vclut in cicatrice. 



* non 
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* Don fola vivemis carina^ fed cum roloiroo trunco aflurgentct 

* partes, gemma fcilicety et infignes radicis cannas/ &:c. M^Ip. ib. 
p. 8i. Vide plura in tra£k. dc Scm. vcg. p. 14. et paffim. 

In Malpighi's life, a debate may be fecD between him and Scig. 
Triumphetti, the provoft of the garden at Rome, whether the 
whole plant be a£tually in the feed. The affirmative is maintained 
by Malpighiy with cogent arguments, among which, this is one : 
' Non pra:occupata mente, oculis microfcopio armatis, luflret quae- 
^ fo phafeotorum feminalftm plantulam nondum fatam, in qua folia 
' ftabilia, haecque ampla evidentcr obfervabit ; in eadem^pariter 
' gemmam, nodos, feu implantationes varias foliorum caulit de- 
' prchendet. Caulem infignem fibris ligncis, ct utriculorum fcriebua 
' conftantem confpicue attinget.' And whereas Scig. Tromphetti 
had obje£led, that ' ,Vegctationey metamorphofi, inedia plantas'in 
' alias degcnerare, ut exemplo plurium (conftac) praccipue tritici 
' in lolium, et lolii in triticum vcrli.' In anfwer to this, which is 
one of the flrongeil arguments againft Malpighi's alTertion, Mal- 
pighi replies, ' Nondum certum eft de integritate, et fucceifu ex- 

< perimenti, nam facicnti mihi, ct amicis, 'tricici metamorphofis non 
' ccfiit. Admiila tamen meumorphoii, quoniam hac neglefVa cuU 

* tura, aut vitio foli, aut aeris contingit— ^-idco ex morbofo et cnon- 

* ftruofo aflfe£bu non licet inferre permanentem datum a natura in- 

< tentum. Obferyo plantas fylveftres cultura varias -reddi,' ice. I ' 
have more largely taken notice of Malpighi't anfwer, becaufe he 
herein fhews his opinion about the tranfmutation of vegetables. 
Vide Malpig. Vit. p. 67. 

So Mr. Lewenhoeck, after his nice obfervations of an orange* 
kernel, which he made to germinate in his pocket, &c. concludes, 
' Thus we fee, how fmall a particle, no bigger than a coarfe fand, 

< (as the plant is reprefented,) is increafed, &c. A plain demon- 

* ftration, that the plant, and all belonging to it, was a6hially in 

* the feed, in the young plant, its body, root,' &c. Philof. Tranf. 
No. 287. See alfo Raii Cat. Cant, in Acer maj. from Dr: High- 
more. But in all the feeds which I have viewed, except the maple, 
the plant appears the plained to the naked eye, and alfb very ele- 
gant, in the nux vomica. 

* Natura 
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petuity and fafety of the fpecies depends upon the 
fafety of the feed and fruit in a great meafure, I 
might therefore take notice of the peculiar care 
the great God of nature hath taken. for the con* 

fer. 

* Natura non obfcnrat magnitudinis proportionem intfr femina 
' cc plantat ab iifdem ortas, iu ut majus fcmcn majorcm fern per 

* produrat plaatam, itiinus minorem. Sudc enira ia geaere her- 
' baram non pauca, quanim femina arbonim nonaullarum femini- 

* bus non dico aequalia funt, fed multo ihajora. Sic y, g. femina 

* fabxy &c. ^femioa ulmi, &c. mulcis Ticibus magnitudine fuperant.' 
Raiiy ubi fupra, I. i. c. 13. ' 

* Filiccm reliqaaique capi) lares hcrbas fcroine carere vetercs 

* plerique— prodidcrc ; quos eciam fccuti funt e recentioribus 

* nonnulliy Dodonzus, &c.-»Alii e contra, Baiuhiiius, &c. Fill- 

* ces et congeneres fpermatophoras efle conicndunt ; partim quia 

* hiftoria cfeatlonis/ Gen. ii. iz. &c.— ^hanc fcnicnciam veriflS- 
' mam eflfc — autopHa convincit.' Fredericus CafHus, he faith, was 
the firft that difcovered ihefe feeds with the help of a microicope. 
And fince him, Mr. W. C. hath more critically obfcrved them. 
Among other things obfervcd by that ingenious gentleman, are 
thcfe, ' Rxidulae feu capfulae femina concinentes in plerifque hoc 
' genus plantis pcrquam exili granalo arenas vulgaris cinere^e plus 

* duplominoresfunt; imo in nonnullis fp^iebus vix tcrtiam quar- 

* tamve are'nulse partem magnitudine aiquant, vcliculanim quarun- 
' dam annulis aut fafciolis vermiformibus obvolutarum fpeciero 
' exhibentes. NonnuUx ex his vcticulxs 100 circiccr femina con- 

* tioere deprehendebantur — adeo eximia parvitate ut nudo oculo 

* prorfus eflent invifibilia, nee nifi microfcopii inrerventu detegt 

* pofifent.—- Ofmunda regalis, quas aliis omnibus filicis f|>eciebus 

* mole— <antecellit — vafcula feminalia obtinet aequx cum reliquis 

* congencribus inagnitudio is— quorum hnmcnfa et vifum fugiens 

* parvicas cum magnitudine plants coliara-^adeo null am gcrere 

* proportionem invenietur, ut tantam plantam e tantillo femioe pro* 
' duel attentum obfervatorem merito in admii-ationem rapiat.' Ray, 
ibid. 1. 3. p. 13s. This W. C. was Mr. Wil. Cole, as he o%vncch 
in a letter I have now in my hands of his to Mr. Ray, Od. 1684. 
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fervation and fafety hereof: as particularly iii 
fuch as dare to Ihew their heads all the year^ how 
fecurcly their flowet, feed, or fruit is locked up 
all the winter, together with their leaves and 
"branches, in their gems ^j and well fenced and 
covered there with neat and clofe tunics. And for 
fuchasdlare not fo to expofe'themfelves, with what 
fafety they are perferved under the coverture of 
the earth, in their root ', feedy^ or fruit, till in- 
vited 

^ * Vcgetantiam genus, ut dcbitam magDicudmem fortiatur, et 

* fux morulitatis ja6h]rain fucceillva prolis eduflione reparct, ftatis 
tcmporibus novas promit partes, ut tandem emcrgentes uteri, re- 

* ccntes edant foboles. Emanantes igitur a caule, caudice, ramis, 
' ct radicibus novellx hujufmodi partes, noa illico laxatae exten- 

* duntur, fed compendio <}uodani coagmentatx intra folii axiliam 
' cubantes, non parum fubfiftunt, gemmx appellantur,' &c. And 
tlien that gieat roan goes on to ihew the admirable various methods 
of nature, in reporting,, in that little compafs, fo large a part of a 
(rec or plant, the curious ftru£lure of the gems, the admirable guard 
afforded them, and the leaves, flowers, and feed contained in them, 
&c. Of which having taken notice before, I pafs over it now, and 
only refer to our author Malpighi, and Dr. Grew, in the places 
cited in note q, p. 122, and note s, p. 124. 

* Of bulbous, and a ^reat many more, probably of the far 
greater number of perennial roots of herbs, as arum, rape, crowfoot, 
&c. it is very obfcrvable, that their root is annually renewed, or re- 
paiicd out of the trunk or ftalk of itfclf j that is to fay, ihe bafis of 
the flalk continually and by infenHble degrees defcending bcfow 
the furfa.e of the earth, and hiding itfelf therein, is thus both in 
nature, place, and oHice, changed into a true root. So in brown- 
woit, the balls of the Halk finkii g down by degrees, till it lies under 
ground, becomes the upper part of the root : and continuing flill 
to fink, the next year becomes the lower part: and the next after 

that. 
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Titedoutby the kindly warmth .of the fpring! 
And when the whole vegetable race is thus cal- 
led dut, it is very pretty to obferve the methods 
5f nature ini guarding thofe infenfitive creatures 
igainft harms arid inconveniences, by making 
fomte, for inftance, to lie down proftrate, and 
others, to cbfe themfelves up ^ upon the touch 
of animals, and the moft to fhut up their floVers^ 

(hat rots' away ; a new' addition being ftill yearly made out of the 
ilalk, as the elder paxt^ yearly rot away. Ore\V. ib. 1. a. p. 59. ubi 
plura vid. 

y How Uit aind agreeable a conferratory the el^rth is to vegetables,. 
more than atfy other, is manifed from their rotting, dryipg* or be« 
iog rendered iofecund in the waters, or the air ; but in the earth 
their Vigour is long preferved. Thuft of feedf, particularly, Mr. 
K.ay thinks, fooie may probably reuia their fecundity for ten years, 
and others loCe it in five f bm, ftith hie, ' In terr?; ^mio latitantia, 
' quamvis tot caJoris,- frigoris, humoris et Accitatis varietatibus ibi- 
^ dem obnoxia, diutiotf tamen, tft puto fertilitatem fuam tueptur 
' quam ab bpminibus diligentiifime cufiodtta ; nam ct ego et alii ante 
' me multi obfertardnt (inapeos viitf magnifm enata'jn ifi aggeribuf 
' foffarum recen^s fa£li8 inqueareis gramioeis effblfn, ubi poft hom- 

* inum memoriarik ntflla unquan finapeos feges fu^crererent. Quaoi 
^ tameni non fponte ortam fufpicor, fede feminibus in terra per tot, 
i annos refiduis etiamproliBcls.' Raiy. llifi. Pi. 1. 1. c. 15. 

* ' Plants nonnuflafc aefchyndtaenx veteribtis di£he, recentioribus 

* vivae, et fenfiti^z, et mimolae, h^'ud obfcura fenfus indicia pro- 

* dant; fiquidem folia earum manaaut baculo u£U, etpaululunn 
' compreffa, pleno ctiaoi meridi^, fpicndente fole, illico fe contra- 

* hunt ; in nonnullls ctiam fpeciebin cauliculi teneriores concidunt 
^ et vciut marcefcunt ; quod idem ab aerc frigidiore admiffo patiun- 

* tur.' Ray, Hift. PL T. 1. 1, 18. At>p. Udc, z. c. 2 p. 978, 

Vol. II. I theif 
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their down *; or other their like guard, upon the 
clofe and cool of the evening, by means of rain, 
or other matters that may be prejudicial to the 
tender feed. 

m 

And now to thefe confiderations relating to the 
feed, I might add the various ways of nature in 
diffipating and fowing it, fome being, for this 
end, winged with light down, or wings, to be 
conveyed about by the winds ; others being laid 
in elaftic, fpringy cafes, that when they burft and 
crack, dart their feed at convenient diftances, per- 
forming thereby the part of a good hufbandman«> ^ 

others 

■ I hare obferved that many, if not moft vegetables, do expand 
their flowers, down, &c. in warm, fun^fliiny weather, and again 
clofe them towards evening, or in rain, &c. efpecially at the be* 
ginning of fiowering, when the feed is young and tender ; as is- 
manifeft in the doiwn of dandelion, and other downs ; and emi- 
nently in the flowers of pim pernel ; the opening and fliutting of 
which, are the countryman's weather>wifer; whereby Gerard' faith, 
he foretelleth what weather fhall follow the next day f for faith he , 

* If the flowers be clofe fhut up, it bctokeneth rain and foul wea^ 
„ ther, contrarywifc, if they be fpread abroad, fair weather.' Gcr. 
Herb. b. 2. c. 183. 

' £(1 et alia [arbor in Tylis.] (imilis, fblioHor tamen, rofeique 

* floris ; quern no£lu comprimens, aperire incipit foils exbrtu, 
4 meridie expandit« Incolae dormire cam dicunt.' Plin. Nat. Hift. 

1. I2« C. II. 

^ < So foon as the feed is ripe, nature taketfaf feveral methods for 
< iu being duly fown i not only ii^ the opening of the uterus, but 

« alfo 
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6thers by their agreeable tafte and fmell, and 

falutary 



alforn tlie make of the feed irfelf. For, firft» the {tt^s of many 
pUnrsy whrch afTefl a peculiar foil or feat) n of arum, popjiy, &c. 
are heavy and fmall enough, without further care, to fall diredblj 
down into the ground— ^But if they are fo large and light, as to 
be expofed to the wind, they are often fi^rtfiihed with oi\e or more 
hooks, to Rity them from Graying too fiir from their proper place 
— >^So the feeds of avens have one fingle hook ; thofe of agri- 
mony and goofc-grafs,' many ; both the former loving a warm 
bank ; the latter, an hedge for its fupport. On the contrary, 
many feeds are furniflied with wings or feathers ; partly wiih the 
help of the wind to carry them, when ripe, from off the plant, as 
of a(h, &c. — and paitiy to enable them to make their flight more 
or lefsabroak!, rhat fo they may not, by falling together, come up 
too thick : and that if one fhould mifs a good foil or bed, another 
may hit. So the kernels of pine have wings-^yet (hort— whereby 
they fly not into the air, but only flutter upon the ground* Bat 
thofe of typh'a, dandelion and mod of the pappous kind-— have 
long<nuifkerous feathers, by which they are wafted every ^ay.-^ 
Again, there are feeds which are fcattered not by flying abroad, 
but by being either fpirted or flung away. The firft of thofe are 
wood-forrel, which having a running root, nature fees fit to fow 
the feeds at fome diftance. The doing of which is tfftGttd by a 
white fturdy cover/ of a tendinous or fpriogy nature.— This 
cover, fo foon as it begins to dry, burfts open on' one fide, in SA 
inflant, and is violently turned inflde oatward— ^and fo fmartly 
throws off the feed. The feed of harts-tongue is flung or fhoc 
away b y the curious contrivance of the feed-catfe, as in cod- 

ded arfmart, only there the fpring iiYoves and curls inward but 
here outward ; vfz. every feed cafe— is of a fpheric figure, and 
girded sfbout with a fturdy fpring-^^The furface of the fpring re- 
fembles a floe fcrew ;— -fo foon as this fpring is become ftark 
eifough, it fuddenly breaks the cafe into two halves, like two 
litrlc cups, and fo flings the feed.' Grew, ib, p. 199. and io tarb. 
72 . all thefe admirable artifices arc handfomely reprefented. 

I a « Qo la 
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falutary nature^ inviting themfelves to be fwal* 

lowed 

* Qnln (i quancitas modica femifivm [filicis phyllitidis quoque} 

* a foliia in f ubjeAam chartae muodae— fcbedam dccutiatury detcr- 
' gaturve, et deinde in acerrum converratury ye(iculaniin femiDalium 
' plurimis ana ^iflilientibusy et fibi invicem allifk^ acertultts ▼arie 

* moreri per partes videbitur, non fecus ac fi fyrenibus aut iftiufqia'- 

' di beftiolis repletas eflet^^uin fi locus tranquillus fit, aure proxt-. 
' ' me admota, crepitantium inter nimpendum Tafculorum fonitus-^ 

* percipietur ; et d microfcopio charcam oculis oberres, femina per 

* earn undique fparfa, et ad notabilem abacenro diftantiam pYotete 
' comperies.' Ray ibid. p. 13!. ' 

* The admirable contrivance of -nature in this plant is moft plain : 

* for the feed-vedels being the beft preferver of the feed, it is there 

* kept from the injuries of air and earth, till it be rainy, when it ia 

* a proper time for it to grow, and then it is thrown round the earth, 
' as grain by a ikilfttl fower.— When any wet touches the end of th6 

* feed veiTcls, with a fmart noife and fudden leap, it opens itfelf, and 

* with a fpring, fcatters its feed to a pretty difiance round it, where 
4 it grows.' Dr. Sloane Voy. to Jamaica, p. 150. of the gentianella 
fiore coeruleo, &c. or fpirit leafir 

The plants of the cardami ne family, and maoy others, may be 
added here, whofe cods fly open, and dart out their feed, upon a 
fmall touch of the hand. But the moft remarkable inflance is in 
the cardamine impatiens, ' Cujos iiliqux, faith Mr. Ray, vel leviter 

* ta£be, a£tutum ejaculantur [femina] tmo quod longe mirabilius 

* videtur, etli (iliquas non tetigcris, (i tamen manupn velut ta£k\n us 

* proxime admoveas, femina in appropinquantem etibrabunt ; quod 

* turn Merifonus ie faepios expertum fcribit, turn Johnftonus apQd 

* Gerardum verum efle affirmat.' Hift. Plant. 1. 16. c. ^o. 

Kctther is this providon ' made only for land vegetables, but for 
fuch aifo as grow in the fea. Of which I fiiall give an ioQance from 
my before-commended friend, Dr. Sloane : < As to the fuei,— 

* their feed hath been difcovercd, and ihewed me firft, by the in« 

duftry 
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lowed and carried about by the birds, and therer 
by alfo fertilized by pafling through their bodies^; 

and 

« duftry of the ingenious hcrbarift, Mr. Sam. Doody, who found 
« on many of this kind, folid tuberculcs, or rifings, in fome fea- 
« foas, wherein were lodged ftycral round feeds, as big as muflard- 
< feed, which, when ripe, the outward membrane of the tubcrculc 
« breaking, ieavcth the feed to iftoat up and down with the waves. 
« The feed coming near ftones, or any folid foundation, by means 

• of a mucilage it carries with it, flicks to ihem, and (hoots forth 

* ligulae with branches, and in pime com« to its pcrfcaio^i and m;^^ 
« nitude.* Sloan. Voy. Jamaica, p. 50, 

But although Mr. Doody h^d hinfed, and (:«nJ9aurcd at the thing, 
yet the firft that difcovcrcd the feeds in fnci was the before com- 
mended Dr. Tancred Robinfon ; as may b? fecn by comparing what 
Mr. Ray faith in his Synopf. Stirp, Brit. p. 6. with his Append. Hift. 
p. 1849. Befidcs which fuci, the Dr- tells me, he obfcrved vclTeU 
and feeds in caralloid ihrubs, as alfo in fevcral fungi, not only in the 
fpecics of crepitus iupi, but alfo between the lamellz of other fpe- 
ciesi 4ind in that fubterraneous kind called trui&es, wh»fc feed and 
veffels open in the cortex, at fome feafoas he fiiuh, like that of malt 
iowsTn ihape. 

As to the crepitus Iupi, I have more than on^e examined tlieir 
powder, with thofc excellent microfcopcs of Mr. Wilfon's make ; but 
the moft fatisfaftory view ^r. \\'ilfon himfelf gave me j by which 
i found the feeds to be fo many exceeding fmall puff b4IS| ^virh round 
headf, and longer than ordinary flisurp pointed dalks, as if made on 
purpofe to prick eafily into the groi;nd. Thefe feeds, are intermixed 
with much dufty matter, and become hurtful (o the eyes, probably 
by their (harp fiaiks pricking and wouQ^ding that tender organ. 

* The ancient oaturaltfts do generally agree, chat miflcltoe is pro- 
pagated by its feeds, carried about by, and pr;fllng thfough the body 
of birds. Thus Theophraftus, de Cauf. Plant. I. i. c 24. * T 
1 di nns tV o^n^m, &c« Injtium verp a paHu ayium:— -quippe vifc') 

detrad 
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and others not thus taken care of, do many of 
them by their ufefulnefs in human lite, invite the 
hufbandman and gardener carefully to fow and 
nurfe them up* 

To this fo lingular a care about the propagar 
tion and confervation pf the fpeciesof vegetable^ 

I might 

' detrado confe6koquc in alvis, quod frigidiilimum eft, femen cum 
< excremeato puruin dimitticur, et fa6la mucariooe aliqua in arbore 

* ftcrcoris caufa pullulat, erutnpitque, &c. So alfo Piiny faitby viz. 

* Omnino autem fttum [vifcum] oulio modo nafcitur, ncc niii per 
' alvum avium redditum, maxime palumbts ac curdi. Ha*c eft 

* natura, et nifi maturatum in ventre avium, non proveniat.' Fliu. 
Hift. 1. 1 6. c. 24. Whether what Theophrafius and Pliny affirm^ 
be conducive to the better fertilizing the feeds of miflcltoe I know 
not; but that it is not of abfoluie neceffity, I can atHrm upon mine 
own experience, having fteo the feeds germinate even in the bark 
of oak. But although they (hot above an inch, and feemed to root 
in the tree, yet they came to nothing, whether deftroyed by ants, Sic 
which I furpe£led, or whether difagrecing with the oak, I know not. 
But' I (ince find the matter put out of doubt by Mr. Doody ; 
which fee in Mr- Ray's Hift. Piant. Appen. p. 1918, 

Nutmegs are faid to be fertilized after the fame manner, as Taver^ 

nier faith was confirmed to him by perfons that lived many years in 

thofe parts; whofe relation was; the nutmeg being ripe, feveral 

birds come from the ifljuds towards the fouth, and devour it whole y 

but are forced to throw it up again before it be digefied : and that 

the nutmeg then befmeared with a vifcous matter, falling to the 

ground, rakes root and produces a tree, which would never thrive 

was it planted. Tavern, of the Commod. of the Great Mogul. And 

Monfieur Thevenot, in his travel s to the Indies, gives this account : 

the tree is produced after this manner : there is a kind of bjrds in 

the iiland, that having picked off the green huflc, fwallow the nuts, 

whichi 
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I might add the nice provifion that is made for 
their fupport and aid, in (landing and growing, 
that they may keep their heads above ground, 
and not be rotted and fpoiled in the earth them- 
fdves, nor thereby annoy us ; but, on the con- 
trary minifter to all their ends, and our ufes, to 
afford us houfes, utenfils, food ^, phyfic, cloth- 

which having been fome Mme in tl^eir ftoqaach, they void by the or- 
dinary way ; and they fail not to take rooting in the place where 
they fally and in time grow un to n tree. This bird is ihaped like a 
cttckow ; and the Dutch prohibit their iubjefb under pain of deaihy 
to kill any of them. Vide Sir T- Pope-Biuni's Nat. Hift. 

But Mr. Rr\y gives a fomewhat different account : ' Hanc fra£lam 
' [nuccm Alofchatem] varise quidem aves depafcuntur, fed maxime 

* columbae genus album et parvum, qu2e dehifcente nucamento, illec* 
' tae fuavitate macii, hanc cum nuce eripiunt et devorant, nee niii 

* repleca ingluvie capacillima faginum deferunt. Noftrates ibi merca* 
' tores columbis iftis nut-eaters five nucivoris nomen impofuerunt. 
' Quas autem vorant nuces, poft tntegrasper alvum reddunt. Red* 
f dit£ citius deinde germinant utpote praemaceratx fervore ventriculi* 
' Arbores inde natae ceu praecociores, facile func corruptioni obnoxi^e 

* fru6)bumque ferunt cxceris multo viliorem, et haccaufa negle£tum 

* incolis contemptumque, praeter macin, quam ad adulterandam me^ 
f liorem adhibent.' Ray, Hift. Plant. 1. 27. c. 4. . 

* Arbores blandioribus fruge fuccis hominem mitigavere. £x it 
f recreant membra olei liquor^ ytrefque potus vini $ tct denique fa* 
< pol'es annui fponte venientes : et menfxy depugnetur licet carum 
^ caufa cum feris, et pafti naufragoru.m corporibus pifces expetantur, 

* etiamnum tamen fecunds. Mille prxterea funt ufus eanun, fine 
' quibus vita degi non poflit. Arbore fulcamus maria, terrafque 
f admovemusi arbore exaediftcaraus te^/ Plin. Nat. Hiftory 1. 1%, 

I 4 ing 
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ing, yea, diverfibn top, by the beauty of theip 

looks, by the fragrapcy of their ftnell, by creat* 

ing us pleafant ihades againft the JTcorching beam^ 

of fummer, and fkreening ps againft the piercing 
veiflds and cold of wi^te^^ 

And It is very obfervable what admirable pro- 
vifion? are made for this purpofe of their fupport 
and {landing, both in fuch as (land by their own 
Arength, and fuch as need the help of others. Jn 
fuch as ftand by their own ftrength, it is by means 
of the ftronge)- and more ligncoils parts equiyal- 

ent 

• 

* ' FlaQtarum ufus iatiffime [>atet, et in omni Tiue parte occurrtt. 
f Sine ilUs lautey fine illis commode non vivUur, at ncc vivicur oin* 
f nioOy quaecunque ad vifium necelTaria funt, quascunquead delicts 
f facicint e locupletiflimo fuo penu abunde fubminiftraDt. Quant 

< ex lis menfa innocentior, mundior, fal u brier quam ex animal ium 

* cftde et laniena? Homo ccr^o nature animal carnivomm non ell^ 
<. Dullis ad praedam et rapinam armis inftru£tum, non dentibus ez- 

< ertis et ferratis^ non ungaibus aduncia. Manus ad fru£^ui colli- 

< gendo? dentet ad mandendos comparati. Non legimus ei ante dilur 
f vium carnet ad efuq) concelTas. At non vi£lum tantum nobjs 

* Tupped itanty fed et veftitum, et medicinam» et dpmi cilia, aliaque, 

* zdificia, et navigiai et fupelJedilem, et focum, et oble£tament^ 
f ienfoum animique: ex his naribui odoramenta ct fu^umigja 

* parantur. HoruQi flores inenarrabili colorum et fcheniBtvro^ 

* varietate, et elegantia, oculo^ eahilarant, fuavifflma odorum quQS 

* expirant fragrantia fpiritus recreant. Horum fryf^us gulsiilece- 

* brx nenfas fecundas infiniunt^ et languentem appeticum excitant. 
f Taceo virorem amoeniflimum oculis amicqm, qifcm per prata paf* 

* cua agrosy fylvas fpatiantibus objiciunt, et umbras quas contra 
c aeftum et folis ardores prsbent. Ray, ib. 1. x. c. z^ p. 4^. 
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jent to the bones in animals, being njadp not \n^ 
flexible, as bones ; becaufc they would then be 
apt to break ;*but of a yielding elaflic nature, to 
fcape and dodge the violence of the winds, and by 
means alfo of the branches fpreading handfbmcly 
and commodioufly about, at an angle of about 45® 
gr. by which means they equally fill up, and at 
the fame time make ai) squiilbration of the 
topf. 

And as for fuch vegetables as are weak, and not 
able to fupport: themfelvcs, it is a wonderful 
faculty they have, fo readily and naturally to 
jinake ufe of the help of their neighbours, em* 

bracing 

' All vegetables of a tall and fpreading growth feem to have % 
natural teodency to a hemifph^rical dilatation, but generally cooBn^ 
their fpreading within an angle of 90" gr. as being the moft bccoroiqg 
jind ufeful difpofitioo of its parts and branches. Now, the ihoitelt 
way fo give a moft graceful and ufeful filling to that fpace of Jilat- 
iligand fpreading ovt, is to proceed in Ilrait line; and to difpofc of 
tbofe lioes in a variety of parallelt, &c. And to do that in a quad« 
rantal fpace, izc. there appears but one way poilible, and that is, %q 
form all the interfedions, which the ihootsand branches make, with 
angles of 45 gr. only. And I dare appeal to all, if it be not in this 
manner, almoft to a nicety, obfcrved by nature, &c. A vifible 
argument that theplaAic capacities of matter are governed and dif- 
pofed by an all-wife and infinite agent, the native {lri6lneircs and 
rrgularirtcs of them plainly (hewing from whofe hand they come. 
Account of the Origin and Formation of FoHils, Shells^ &c. FiiQte4 
ftt London, 1705' p. 38^ 41. 2 
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* bracing and climbing up upon them 2, and ufing 
them as crutches to their feeble bodies : fome by 
their odd convolving faculty, by twitting them- 
felves like a fcrew about others ; fome advancing 
themfelves by catching and holding with their 
curious clafpers and tendrils, equivalent to the 
hands ; fome by flriking in their rooty feet; and 

others 

« < InHcdera, furculi ct rami hinc indc claviculos, quafiradi- 
,f culas, emittunt| qu«parictibus» vcl occurrentibus arbori|>us yeluti 
/ diguis firmantur, et in alcum fufpcnduntur. Hujufmodi radiculas 

* fubrotundai funt, ct pilis cooperiuntorj ct quod mirum eft, 
f glarmofum fundunc humorem, f^u terebiDthinum> qua ar£ie lapi- 

• dibus ne6luntur ct agglutinantur. Non miuori induftria natura 

« utiiur in vitc Canadcnfi, &c. The admirable and curious make of 
whofe tendrils and their feet, fee in the illullrious author, Malpig. d^ 
Capreolis, &c. p. 48. 

Clafpers are of a compounded nature, between that of a root and a 
trunk. Their ufe is fometimes for fupport only ; as in the clafpers 
of vinesy briony, &c. whofe bratiches being long, ^ flender, and 
fragile, would fall by their own weight, and that pf their fruit $ but 
thefe clafpers take hold of any thing that is at haivd ; which they do 
by a natural circumvolution which they have; (thofe of briony 
have a retrograde motion about every third circle, in the form of a 
double clafp '; fo that if they mifs one way, they may catch the 
other.) Sometimes th^ufe of clafpers is alfo for a fuppiy, as in the 
trunk-roots of ivy ; which being a plant that mounts very high, and 
being of a clofer and more compact (iibftance than that of vines, the 
fdp would not be fufficiently fupplied to the upper fprouts, unleft 
thefe afTifted the mother-root j but thefe ferve alfo for fupport too. 
Sometimes alfo they ferve for ftabilimenr, propagation, andibade; 
for the firft of fhefe ferve the clafpers of cucumbers ; for the fccond, 
thofe, or rather the trunk-roots of chamomile ; and for all three 
the trunk-roots of ftrawberries. Harris Lex. Tech. in verb. Clafpers. 
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Others by the emiffion of a natural glue, iclofely 
and firmly adhering to fomething or other that 
adminifters fufficient fupport unto them. AU 
which various methods being fo nicely accom-f 
modated to the indigencies of thofe helplcfs veger 
tables, and not to be met with in any befides, is 
a manifeft indication of their being the contriv- 
ance and work of the Creator, and that his In- 
finite wifdom and care condefcends, even to the 
fervice, and well-being of the meaneft, mofl: 
weak, and helplefs infenfitive parts of the crear 
tion. 

In the laft place, to the ufes already hinted at, 
1 might add a large catalogue of fuch among 
vegetables, as are of peculiar ufe and fervice to 
the world, and feem to be defigned, as it were, 
.on purpofe, by the mofl merciful Creator, for the 
good of man, or other creatures \ Among grain 
I might name the great fertility ' of fuch as ferves 

A Vegetables afford not only food to irrationals, but alfo phyiic^ if 
it be true which Ariftode faith, and after him Plioy ; which latter, 
in his 8th book, chap. 27. fpecifies divers plants made ufe Cf as 
fpecifics, by diverfe, both beads and birds ; as dittany by wounded 
deer j celandine by fwallows to cure the fore eyes of their young, 
&c. And if the reader hath a mind to fee more inftances of this 
nature, many of them fanciful enough, he may confult Merfenne in 
Genef. p*933« 

\ See before, book iv. chap. ii. 

for 
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for bread, theeafy culture and propagation tbere-i 
of, and the agreement of every foiland climate 
to it. Among trees, and plants, I might inftance 
in fome that feem to be defigned, as it were, on 
purpofe, for almoft every ufe \ and convenience ' 

fome 

^ * Plaota haec unica [aloe Americana] inquit Fr. Hernan^ez^ 
' quicquid vita: elTe poteft Decefifarium prxftare facile poteft, it eflet 

* rebus humaois modut. Tota enimiUa lignorum^ lepielidorttDque 

* agrorum ufum prsftat, caules tignortim, folia vero te6^a tegeadt 

* imbricum, lancium : eorundem nervuli ec fibrx eundem babenc 

< ufum ad linteamina, calceos, et veftimenta conBcienda quem apud 

* noslinum, cannabisy goffipium, &c< £ roucrooibus fiunt clavi 

* aculeii fubulae, quibus perforandis auribus, macerandi corporrs 

< gratia, Indis uti mot erat cum dasmonum vac^rent cukui ; item 

* aciculxy acusy tribu^i militares et raflilla idonpa pe£lendis fubteg* 
"* minibus. Pr^terea e fucco manami, cujus ^rulfis gtrminibus in- 

* temis foliifire tenerioribus cultis [YztUnls] in mediam caTitatcm, 

* ftiilaty planfa, unica ad 50 interdum amphoras, quofl di£lu eft 
f mirabile, vina, mel» acetum, ac faccharum parantur. [The me- 
^ thods of which he cells.] Idem fuccus roenfescier, alvuraicnst 

* urinam erocat, renes et vvGcam emnndat. £ radice quoque reftes 

< fianc firmiiTinae. Craffiorcs foliorum partes, truncuique, deco£ta 

* fub terra, edendo funt apta, fapiuntque citrca frufta faccharo con- 
' diu : quin et vuinera recentia mire congiutioant. — Folia quoqup 

* aiTa et affe£lo loco impofita convulfionem curant, ac dolorcs Icni- 

* unr, pracipue fi fuccus ipfe calens bibatur, quamvisab Indica 

< proficifcantur lue, febfum hebetant, aique torporem ioducunt. 
' Radicis fuccus lucm Veneream curat apud lodos, ut Dr. Palmer.* 
Ray, ib. 1. 21. c. 7. Sec alfo Pr. ^loane's Voyage to Jamaica, 
page 247. 

There are alfo two forts of aloe befides, mentioned by the fume 
Dr. Sloane, one of which is made ufe of for fifliing lines, bc\v- 
flrings, ftockings, and hammocks. Another haih leaves that hold 
rainwater, to which travellers, &c. rcfort 10 quench ihcir thirft, 
i fcarciiy of wells, •r waters, in ihofc dry countfics. Ibid. p. 24<j. 
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feme to heal the moft fiubborn and dangerous 
diftcmpers \ to alleviate and cafe the pains of ** 
our poor infirm bodies^ all the world over : and 
fome deiigned for the peculiar fervice and good 
of particular places, either to cure fuch diftem- 
pers as are peculiar to them, by growing more 
plentifully there than elfcwhere % or elic to ob- 
viate 

' For inftance here, I Ihall name the tortex Peruvianus, which 
Dr. Morton * calls antidotus in levamen arrumnarum vitz humaoae 

< plurimarum divioitas coAccfla.' De Fcbr. Exer. v. c. 3. 'la 

* {knitAtcm gentium proculdubio a Deo O. M. conditus. Cujiu 

* gratia, arbor vicacy (iqua alia, jaire merito appellari poteft. Id. ib. 
' c. 7. ' Eheu ! quot conviciis Herculea ec divini haec antidotus 
« ja6bbatur !* Ibid. 

'to this (if vr9 may believe the Eph. Germ. An. 12. Obf. 74. and 
Tortie other authors) we may add crifolium paludofumy which is be- 
come the panacea of the German and notthern nations. 

■^ ' Pro doloribns quibufain^tie (edandis pneftantifismi femper 

* ufus opium habentur quamobrem merito Nepenthe appellari folet ; 

* et remedium vere diVinum exiftit* £t quidem fatis mirari vix 
' polfomus, quomodo urgente vifceris aut membri cujafpiam tortum 

* iofigni et intdlenbili cruciatu, pharmacum hoc, incantaynenti 
' infiar, levamen et AvaXyv9t»v fuhitam^ immo interdum abique 
' fomno, aut faltem prius quam advenerit, concedir. Porro ad hcec 
' tnagis fiupendum eft, quod donee particulae opiaticae operari, et 
' p0teBtiam fuam narcoticam exercere contiouant, immo etiam 

* aliquamdiu podqaam fomnut fioitur^ iumma alleviatio, et iodo- 

< kntia in parte a£.£U perGftic' WiUis^ Fhar. Rat. Par. i. tea 7. 
c. 1. icGt. 15. 

* * Tales piflotariuA fpecies in quacunque regione a Deo creantur 

* quales li^iaibos tt aaimalibta ibidem aatis maxime conyeniuiit : 

* im 






I. 
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viate fotiie inconvenience there^ or to fupply (ottii 
conftant ncceflity, or occafion, not poffible, or at 
leaft not eafy to be fupplied any other way ^ It 
is, for inftancc^ an admirable provifion made for 

fome 

' imo ex plaDtanim nafcentium frequentia fe fere animndvertere polTe 

* quibus morbis [etidemiis] qua^libec regto (nbjtGtz Cr; fcribit Sol<- 
^ nander. Sic apud Danos, Friiios, Hollandos, quibus fcorbutut 

* frequetis, cochlearia copiofe provenit.' Ray, Hift. Plant. 1. i6'. 
thap. 3. 

To this may b> added Elfiier's obfervations concerning thevirtuM 
of diverfe things, in his Obfervations de Vinceio&ico Scropl^ularuiti 
temedio. E. Gcnn. T. 1 obf. 57. 

John BenoroYuuiSy a phyfician of Dort, may be here confultedy 
who wrote a book 'on purpofe to (hew, that every country hath every 
filing ferving to its occafions, 4nd particularly remedres a£forded to 
til the diflempers it is rubje£^ unto. See Benor. Avra^mtti BataT« 
five Introd. ad Medic, indigenanr. 

* The defcription Dr. Sfoane gives of the wild-pitie if, that its 
leaves are channeled, Bt to catch and carry water down into their 
refervatories ; that thefe refervatories are fb made, as to hold much 
water, and cloTe at top Vvhen full, to hinder its evaporation ; that 
thefe plants grow on the arms of the trees in the woods every where 
[rn thofe parts,] atf atfo on the barks of their trunks- And one coa- 
trivance of nature in this vegetabite he faith, is very admirable. The 
fe;d hath long and matry threads of tomentum,-not only that it may 
be carried every where by the wind,.~but alio, that it may by thofe 
thrcids, when driven tWrough the boughs', beheld faft, and ftick to 
the arms, and eitterior parts of the barks of trees. So foon-as it fprouts 
or germinates, although it be on the under part of a bough , 
its leaves and (lalk rife perpendicular, or firaight up, becaufe if it 
had any other pofition, the ciHern (beforemcntioned« by which it is 
chie&y nouriihcd^) made of the hollow leaves, couU not hold 

water. 
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fdme countries fubjed to drought, that when thcf 
waters every where fail, theire are vegetables 
which contain not only moifture enough to fup- 
ply their own vegetatioii and wants, but afford 
, drink alfo both to man and other creatures, in 
their great extremities p, and a great deal more 
might be inftanced in a like nature, and thingS 
that bear fuch plain imprefles of the divine wif- 
dom and care, that they manifeft the fuper-in- 
tcndance of the infinite Creator. 

Thus 1 have given a fketch of another branch 
of the creation, which, (although one of the 
meaneft) yet, if it yrzs accurately viewed, would 
abundantly manifeft itfelf to be the work of God. 

But 

water, which is necelTary fur the life and DoariihroeDt of the plant. 
—In fcarcity of water, this refervatory is necclkry and fufficteot, 
not only for the plant itfelf, but likewifeis very ufcful tomen,birdsy 
and all forts of infe^ks, whither they come in troops, and feldoro ga . 
away without refr^fiiment. Id^ ib p. 188. and Phil. Tranf. No. 15 1. 
where a figure is of this notable plants as alfo in Lowthorp*s Abridge 

Tol. 2. p. 669. 

• 

The wild pine fo called, &c. hath leaves that will hold a pint and 
a half, or a quart of rain water ; and this water rcfrfefiies the leates 
and nouriflies the root. When we find thefe pines, we ftick our 
knives into the leaves juftabovc the root, and that lets out the water, 
which we catch in our hats, as I have done many times to my great 
relief. Dampier's Voy« to Campeacby, c. 2. p. 56. 

• 

f Navarette tells us of a tree called the bejuco, which twines 
about other trees, with its end hanging downwards ^ and thattra. 

traveller* 
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But becaufe t have been fo long upon tb^ other 

parts^ although lefs than they deferve, I muff 

therefore content myfelf with thofe general hints 

I have given ; which may however ferve as fpeci- 

i&ens of what might have been mote largely faid 

about xhis inferior part of the animated crea-^ 
tion. 

As 

m 

Tellers cut the nib of it, and preiently i fpout of water nrai out 
from it, as clear as cryftalt enough, and to fp^e, for fix or eight 
• men. I drank faith he to my fatisfa£tion of it, found ic cool and 
fwcet, an4 would drink it as oft as I found it in my way. It is a' 
juice and natural water. It is the conimon relief of the herdfmenf 
qo the mountains ? when they are thirily they lay hold on the bejuco 
and drink their fill. Colle£(ion of Voy. and Tra?. volume t. in ihe 
Sup. to Navarecte's Account of China, p. 355. 

The water- with of Jamaica hath the fame ufes ; concerning whicb»' 
fliy before-commended friend. Dr. Sloane, favoured me with this 
account from his original papers ; ' This vine growing on dry hills 

< in the woods where no water is to be met with, its trunk, if cut 

* into pieces two or three yards loog^ and held by either end to the 

< moatb, afibrds fo plentifully a limpid, innocent and refrefliing 

< water, or iap, as gives new life to the droughty traveller or hunter** 

* Whence this is very much celebrated by all the inhabitants of thefe 

* iflands, as an immediate gift of providence to their diftrelTed cendi- 
' tion. 

To this may be added what Mr, Ray takes notice of concerning 
tfie birch tree. * la initiis veris antequam folia prodiere, vulnerataf 

* dalcem fuccUm copiofe cffundit quern, fiti preifi paftores in fylVia 

< iaepenumero pctare foleftt. Nos etiam nun fcmel eo liquore recrea « 

< ti famus, cum berbacum -gratia vaftas peragtavimus fylvas, inqui# 

* Tragus.' Raii Cat. Plant, circa Cantab* in Betula« 
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As to the inanimate part, fuch as (tones, mine- 
rals, earth, and fuch-like, that which I have al- 
ready faid in the beginning ihallfufiice. 
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FRACTICAL INFERENCES FROM THR FORE" 

GOING SURVEY. 



TTAVING, in the preceding books^ carrieci 
• "■■ my furvey as far as I care at prefent to 
engage myfelf, all that remaineth, is to draw 
fome inferences from the foregoing fcene of the 
great Creator's works, and fo conclude this part 
of my intended work. 



CHAE. 



cod's works are great and excellent. 14^ 



CHAP. I. 



THAT god's works ARE GREAT AND EXCELLENT. 

T^HE firft inference I fhall make, ihall be by 
"*• way of confirmation of the text, that the 
• works of the Lord are* great C And this is 
neceflary to be obferved, not again ft the atheift 
only, but all other carelefs, incurious obfervers 
of God*5 works. Many of our ufeful labours, 
and fome of our beft modern books, ihall be 
condemned with only this note of reproach, that 
they are about trivial matters % when in truth 

they 

4 ' B^uidero ne laudare quidem fatis pro mcrito poiTum ejus 
' fapientiam ac potentiam, qui animalia fabricatus cil. Nam cjuf- 

* modi opera non laudibus modo, verum etiam hymnis funt majora, 

* qiue priufquam infpexiiTemus, fieri non poffe perfuafum habeamufy 
' confpicati vero, falfos nos opinione fuiife comperimui.' Galen, 
de ufuPaitl. 7. c. 15. 

' ' Num umen pigere debet 1e£lores, ea intelligere, quem- 
' sdmodum ne naturam quidem piguit ea reipfa efficere ?' Galen. 
' ibid.i. ii.fim 

K t 
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they are ingenious and noble difcoveries of the 
works of God. And how often will many own 
the world in general to be a manifeftation of the 
infinite Creator, but look upon the fevcral parts 
thereof as only toys and trifles, fcarce deferving 
their regard ! But in the foregoing, I may call 
it, tranfient view I have given of this lower, and 
mod flighted part of the creation, I have, I hope^ 
abundantly made out, that all the works of the 
Lord, from the moft regarded, admired, and 
praifed, to the meanefl: and moft flighted, are 
great and glorious works, incomparably con- 
trived, and as admirably made, fitted up, 
and placed in the world. So far then are any of 
the works of the Lord, even thofe efteemed the. 
roeaneft, from deferving to be difregarded, or 
contemned by us % that on the coptrary, they 
defervc, as fliall be fliewn in the next chapter, 
to be. fought out, enquired after, and curioufly 
and diligently pried into by us; as I have fliewed 
the word in the text implies. 

* * An igitur etiamfi quero admodum natura haec, et ejufmodi, 
Tummaiatione ac providentia agefe potuit, ita et nos imicari ali- 

* quando pofltmus > Ego verorxiftimo multis noflrum ne id quideai 
' polTe, ncque enim artcm naturae cxponunt : eo enim modo om- 

* nino earn admirarenturi fm minus earn falicm non vituperarcot/ 
Galen, ibid. 1. 10. c. 3. 

CHAP, 
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CHAP. IL 



THAT GOP's WORKS OUGHT TO BE %SQJJlKZn 
INTO, AND THAT SUCH ENQyiRIES ARE COM- 
MENDABLE. 



T^HE Creator doubflcfs did not beftow fa 
• •■■ much curiofity and cxquifite workman- 
Ihip and fkill upon his creatures^ to be looked 
upon with a carelefs, incurious eye, efpedially to 
have them flighted or contemned ; but to be ad- 
mired by the rational part of the worlds to mag- 
nify his own power, wifdom, and goodnefs^ 
throughout all the world, and the ages thereof* 
And therefore we may look upon it as a great 
error, not to anfwer thofe ends of the infinite 
Creator, but rather to oppofe and affront them. 
On the contrary, my text commends God's 
works, not only for being great, but alfo ap- 
proves of thofe curious and ingenious enquirers, 

K 3 that 
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that feck them out, or pry into them. And the 
more we pry into, and difcover of them, the 
greater and more glorious we find them to be, 
the more worthy of, and the more cxprefly to 
proclaim their great Creator. 

Commendable then are the refearches, which 
many amongft us have, of late years, made into 
the works of nature, more than hath been done 
in fome ages before. And therefore when we 
are a/ked, Cut bono ? To what purpofe fuch in- 
quiries, fuch pains, fuch expence ? The anfwer 
is eafy. It is to anfwer the ends for which God 
bellowed fo much art, wifdom, and power about 
them, a$ well as given us fenfes to view and fur* 
vey them ; an underftanding and curiotity to 
fearch into them : it is to follow and trace them, 
when and whither he leads us, that we may fee 
and admire his handy-work ourfelves, and fet 
it forth to others, that they may fee, admire, and 
praife it alfo. I {hall then conclude this infe- 
rence with what Elihu recommends. Job xxxvi. 
24, 25. ' Remember that thou magnify his 

* work, which men behold. Every man may 

* fee it, men may behold it afar oflf." 



CHAP. 



( HI ) 



CHAP. III. 



THAt god's WOliKi A&B MAKIF&St tO ALL} 
WHENCE TriB UMtlEASONABLEMESS OF IttTt- 
DELITY* 



'T^HE concluding Words of the preceding chap^ 
ter fugged a third inference, that the worka 
of God are fo vifible to ali the worlds and with ^ 
al fuch manifeft indications of the beittg and at-* 
tributes of the infinite Creator^ that they plainly 
argue the vilenefs and perverfenefs of the atheift, 
and leave him ine}tcufable« For it i^ a figtl a man 
is a wilful, perverfe atheift, that will impute fo 
glorious a work, as the creation is, to any ttiing^yea, 
a mere nothing, as chance is, rather than to QodK 

It 

< Galen haTing tiken notice of the tteat diiiribution of the aerret 
to the mufclei, and other partt of the face, criet our. * Haec enioi 
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It is a iign the man is wilfully blind^ that 
he is under the power of the devil, under the 
government" of prejudice, luft, and paffion, not 
right reafon, that will not difcern what every one 
can fee, what every man may behold afar off^ 
even the exiftence and attributes of the Creator 
from his works. For, as * there is no fpeech or 

* language where their voice is not heard, their 

* line is gone out through all the earth, and their 
' words to the end of th« world/ So all, even 
the barbarous nations, that never heard of God, 
have, from thefe his work, inferred the exiftence 
of a Deify, and paid their homages to fome deity, 
although they have been under great miftakes in 
their notions and concluiions about him. But 
however, this (hews how naturally and univerfaU 
ly all mankind agree, in deducing their belief of 
a God from the contemplation of his work, or, as 

even 



* fortunx fuat opera t Caetenim turn omnibus [partibus] immittr» 
' taotofque elTe fingulos (nervos) magnitudine quanta particulx erat 
' necefTe; baud fcio an hominum fit fobriorum ad fortunam opificem 

* id revocare. Alioqui quid tandem erit, quod cum providcntia et 

* arte efHcitur ? Omnino enim hoc ti contrarium effe debet, quod 
' cafu ac fortuito fit.' <And afterwards, ' Haec quidem atque t]uf- 
' modi artis fcil, ac fapientise opera tffe dicemus, fi mbdo fortunae 

< tribuenda funt quz ifunt contraria ; fietque jam quod in proverbiis 

< — Ji'luvii furfum fluent ; fi opera quae nullum habent ornamen- 

* turn, neque rationem,-neque modum artis cffe; contraria vero 
' fortunae duxerimui, &c. Galen, ubi fupra, 1. 11. c. 7. 
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even as Epicurus himfelf, in TuUy ^ faith, from 

* a notion that nature itfelf hath imprinted upon 

* the minds of men. For, faith he, what nation 
^ is there, or what kind of men, that without 

* any teaching or inftrudtions, have not a kind of 
' anticipation, or pre*conceived notion of a 

* Deity?' 

An atheift therefore, if ever there was any fuch, 
may juftly be efteemed a monfter among rational 
beings ; a thing hard to be met with in the whole 
tribe of mankind ; an oppofer of all the world ^; 
a rebel againft his human nature and reafon, as 
well as againft his God. 

But above all, monftrous is this, or would be, 
in fuch as have heard of God, who have had the 
benefit of the clear gofpel-revelation. And ftill 

more 

* * Primum effe Deos, quod in omnium animts/ he. And a lie- 
tie afteo * Cum eaim boq inftituto aliquo, aut more, aut lege fit 
'"opinio conftituta, maneatque ad unura omnium firma confenfio. 

* mtelligi neceffe eft, effe Deos, quoniam inlitas eorum, vel potiut 

* innatas cognitiones, habemut. De quo autem omnium natura 
f confencit, id verum eifr neceffe eft. Efte igitur Deos confitendum 

* eft.' Cicer. de Nat. Deor. 1. i. c i6, 17. 

^ The atheift in denying a God, doth, as Plutarch faith, endea- 
vour—* Immobilia movere, et bellum inferre non tantum longo 

* tempori, fed et multis hominibus, gentibus, et familiis, quas re- 
ligiofus deorum cultus, quafi divino furore correptas, tenuit.' 

Plutar. de Ifidc. 
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more monftrous this would be^ in one born and 
baptized in the Chriftian churchy that hath ftudf* 
ed nature^ and pried farther than others into 
God's works. For fuch an one, if it be poffible 
for fuch to be, to deny the exiftence, or any of 
the attributes of Ood^ would be a great argument 
of the infinite inconvenience of thofe fins of in^ 
temperance, luft, and riot, that hath made the 
man abandon his feafon, his fenfes, yea, I had 
almoft faid his very human nature, to engage 
him thus to deny the being of a God^ 

So alfo it is much the fame monftrous infidelity 
at leaft betrays the fame atheillical mind, to deny 
God's providence, care, and government of the 
World, or, which is^a fpawli of the fame Epicurean 
principles, to deny final caufes *, in God's works 
of creation ; or with the profane, id PfaL Ixxii?*^ 
II. to fay, * How doth God now > and is there 
' knowledge in the moft High V FA*, as the. 



> Galen having fubftantUIly refuted the Epicurean priaciplcv of 
Afcfeptadei, by (hewing his ignorance in anatomy and philofophy^ 
and by deroonftrating alL the caufet co be eridently in the works of 
nature, viz. final, efficient, infirumencal, material, and formal 
caufes, concludes thus againft his fortuitous atoms, < £k quibus in- 
' telligi poteft conditorem noftrum in formHAdis particulis unua 
* hunc (equi fcopum, ncmpe ut quod meUus eft cligat.' Qalcn. da 
«ftt ParL 1. 6. c. 13. 

wictj 
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witty and eloquent Salvian faith r, ' They that 
afErm nothing is feen by God^ will^ in all pro- 
bability^ take away the fubftance^ as well as 
fight of God. — But what' fo great madncfs, 
faith he, as that when a man doth not deny 
God to be the Creator of all things, he fliall 
deny him to be the governor of them ? Or 
when he confeiTeth him to be the maker, he 
fhould fay, God negledteth what he hath io 
made ? 



' th Gubern. Dei. I. 4. p. 124. meo Hbro^ alio 1. 7. e. i^l 
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CHAP. IV. 



THAT god's works OVORT TO EXCITE US TO FEAlt 

AND OBEDIENCE TO GOD. 



C*INCE the works of creation are all of them 
^ fo many demonftrations of the infinite wifdom 
and power of God, they may ferve to us as fo 
many arguments exciting us to the coiiftant fear 
of God^ and to a fteady^ hearty obedience to all 
his laws* And thus we may make thefe works as 
ferviceable to our fpiritual intereft, as they all 
are to our life, and temporal intereft. For if 
whenever we fee them, we w^ould confider that 
thefe are the works of our infinite Lord and Ma- 
ftcr, to whom we are to be accountable for all 
our thoughts^ words, and works, and that in thefe 
we may fee his infinite power and wifdom ; this 
would check us in finning, and excite us to ferve 
and pleafe him who is above all controul, and who 
hath our life and whole happinefs in his power. 
After tbi3 manner God bimfelf argues with his 

own 
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own ^ foolilh people, and without underftanding, 
who had eyes, and faw not, and had ears, and 
heard not,' Jer. v. 21, 22. * Fear ye not me? 
faith the Lord : will ye not tremble at my pre- 
fence, who have placed the fand for the bound 
of the fea, by a perpetual decree, that it can* 
not pafs it ; jjnd though the waves thereof tofs 
therafclves, yet can they not prevail } though 
they roar, yet can they not pafs over it ?V 

This was an argument that the moft ignorant, 
ftupid wretches could not but apprehend ; that a 
Being that had fo vaft and unruly an element, as 
the fea, abfolutely at his command, ought to be 
feared and obeyed, and that he ought to be coQ- 
fidered as the fovcreign Lord of the world, on 
whom the world's profperity and happincfs did 
wholly depend -, ver. 24. * Neither fay they in 

• their heart, let us now fear the Lord our God, 

• that giveth rain, both the former and the latter 

• in his feafon: he referveth uDto us the appoint* 
f cd weelts of the barveft/ 



CHAP, 
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CHAP. V. 



THAT god's works OUGHT TO EXCITE US T« 

THANKFULNESS. 



AS the demonftrations which God bath given 
of his infinite power and wifdom fhould 
excite us to* fear and obedience ; fo I ihall Ihew 
in this dhapter^ that the demonftrations which 
he hath given of his infinite goodnefs in his 
works, may excite us to due thankfulnefs and 
praife. It appears throughont the foregoing fur* 
vey, what kindnefs God hath Ihewn to his crea- 
tures in providing every thing conducing to their 
lue, profperity, and happinefs ' ; how they are 

aU 

* * Si piauca quit tibi donaflet jagera» accepifle te diceres benefi- 

* cium : immenfa ttrrarum late patentiutn fpatia negas tSe benefi- 

* cium ? Si pecttniam i\\n aliquis donaverit,-^— -beoeBcium ?ocabis s 

* tot metalla defodit, tot flumina emifit in aera, fuper quae decornint 

* fola aurum Tchemia i argenti, aeris, ferri iimnane pondus omnibus 

* locii 
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-all contrived and made in the beft manner, placed 
in the fitted places of the world for their habita- 
,tion and comfort 5 accoutered in the beft man- 
ner, and accommodated with every, even all the 
minuteft things that may minifter to their health, 
faappineis, office^ occafions, and bufinefs in the 
world. 

Upon which account, thankfulnefs and praife 
is fo reafonable, fo juft a debt to the Creator, thaC 
the pfalmift calleth upon all the creatures to 
praife God, in Pfalm cxlviii. ^ Praife. him all his 
/ angels, praife him all his holts ; fun, moon, 
^ ftars of light, heavens of heavens, and waters 

* above the heavens/ Th6 reafon given for 
which is, ver. 5, 6. • For he commanded, and 

* they were created; he hath alfo eftabliflhed 
^ them for ever and ever ; he hath made a decree 

* which they fhall not pafs/ And not thefe 
ceieftiaU alone, byt the creatures of the earth 

and 



' locis obratnni, cnjas Snveftigaodi tibi facultatem dedit,— negat te 
' accq^flc bcneiiciuin ? SI domus tibidonetur, in qua marmoris ali- 

* quid refplendcaty &c. Num mediocre maout yocabis ; Ingens 
' tibi doniicilium, fine uHo incendii^ aut ruins mecu ftruxtt, in quo 
' videvnoA tenuet cruftai— fed integras lapidis pretiofiilimi moles, 

* &€• negat te ullum munus accepifle ? £c cym ifia qux habes mag- 

* no aeftimet, quod eft ingrati hominit, nulli debere te judicas ? 

* Undetibi iftum quern trahis fpiritum ? UndeiAam, perquaro duc- 
^ tus vitx tuae difponis atque ordioMi lucem.' &c. Senec de Bencf 
L 4. €. i* 
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and waters too, even the meteors, ^ Fire and 

* hail, fnow and vapours, ftormy winds fulfil- 
' ling his word/ Yea, the very ' mountains and 

* hills, trees, beads, and all cattle, creeping 

* things, and flying fowl/ But in a particular 
manner, all the ranks and orders, all the ages 
and fexes of mankind are charged with this 
duty ; * Let them praife the name of the Lord, 

* for his name alone is excellent ; his glory is 

* above the earth and heavens,* verfe 13. 

And great reafon there is we Ihould be excited 
*to true and unfeigned thankfulnefs and praife • 
to this our great benefaftor, if we refleiS: upon 
what hath been fhewn in the preceding furvey, 

that 

* * Tempeftivum tibi jam fuent, qui in hifce Ubris Terfaris con'* 
< fiderare, in utram familiam recipi malis, Platonicamne ac Hippo- 
' cradcam, et aliorum virorum, qui naturae opera mirantur ) an 

* eonim qui ea infeflantur, quod non per pedes natura confticuit 

* effluere excremcnu.' Of which, having told a ftory of an ac- 
quaintance of his, that blamed nature on this account* be then goes 
on : ' At vcrofi de hujuimodi pecudibus plura verba fecero, melioris 

* mentis homines merito mihifoice fuccenfeant, dicantque me po)- 

* luere facrum fermonem, quum ego conditoris noftri verum 

* h^mnum compono, exiftimoquc in eo veram elTe pietatem,— ut fi 

* noverim ipfe primus, deindcet aliis expofuerim, qu^nam fit ipfius 
' fapientia, quae virtus, quae bonitas, Quod enim culru convenience 

* exornaverit omnia, nulhque bona inviderit, id perfefliffimx bon- 
' itns nobis eft cclcbranda. Hoc autcm omnc invenilfe quo pado 

* omiDH pntiffimum adornarentur, fummae fapieniiae eft : cffecifle 
4 au em omnia, quae voluit, virtutis eft invi£be»' Galea, de ufi;^ 
Pait 1. 3. c. 10. 
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that the Creator hath done for man alone, with- 
out any regard to the reft of the creatures, which 
fome have held were made for the fake of man. 
Let us but refle6k upon the excellence and im- 
mortality of our foul ; the incompafable contriv- 
ance, and curious ftru6lure of our body; and the 
care and caution taken for the fecurity and hap- 
pinefs of our ftate, and we fhall find, that among 
the whole race of beings, man hath efpecial rea« 
fon to magnify the Creator's goodnefs, and with 
fuitable ardent afTedtions to be thankful unto 
him. 



CHAP. 
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THAT WE OUGHT TO PAT GoD ALL DUE HOMAGK, 
AND WORSHIPji PARTICULARLY THAT OF THf: 

Lord's day. 



T^OR a conclufion of thefe lefturcs, the laft 
"*• thing I Ihall infer, from the foregoing de- 
xnonftration of the being and attributes of God^ 
fliali be, that we ought to pay God all that ho- 
mage and worfliip which his right of creation 
and dominion entitles him unto, and his grestt 
mercies call for from us. And forafmuch as 
the Creator appointed, from the very creation, 
one day in feven to his fervice, it will not there- 
fore be improper to fay fomething upon that 
fubjeft : and if I infift fomewhat particularly 
and largely thereon, the congruity thereof to 
the defign of thefe ledurcs, and the foregoing 
demonftration, together with the too great in- 
advertency about, and negleft of this ancient, 

univerfal, 
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v^mvcrtsAy and moft reafonable and necoflary 
duty, will, I hope, plead my excufe. But that 
I may fay no more than is neceflary on this point, 
I ihall confine myfelf to two things ; the time 
God hath taken, aud the bufinefs then to be 
performed, 

I. The time is one day in feven, and one of 
the ancienteft appointments it is, which God 
gave to the world. For, as foon as God had 
finifbed his fix days works of creation, it is faid^ 
Gen. ii. 2, 3^ ^ He refted on the feventh day 
^ from all his work which he had made. And 
^ God blelTed the feventh day, and fan£lified it^ 
^ becaufe that in it he had refted from all his 
* work/ This fanftification % and blefiing the 
feventh day, was fetting it apart, as a day of 
diftin&ion from the reft of the week-days, and 
appropriating it to holy ufes and purpofes, 
namely, the commemoration of that great work 
of the creation, and paying homage and worihip 
to that infinite Being, who was the effedor of it. 

This day, thus confecrated from the begin- 
ing, for the celebration of the ' rS xi^fAM y»iv<«y, the 

* KHp Ufibut divjnis accomanodavir, a commuDi ct ptofano 
^ ufu fegregavit, in ufum facrum ad cultum Dei ddlinavit.' Kirch. 
* Concord, p. 1336. ' Deftinah ad aliquid, (agrari/ 6cc. Bux* 
tt»rf| in verbo. 

La * world's 
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• world's birth-day/ as Philo calls it, was pro- 
bably, in fome meafure, forgotten in the follow- 
ing wicked ages, which God complains of. Gen. 
vi. 5* and fo after the flood likewife. But after 
the return out of Egjypt, when God fettled the 
Jewifli polity, he was pleafed to renew this day, 
and to ellabliih it for a perpetual {landing law. 
And accordingly it was obferved down to our 
bleiTed Saviour's time, countenanced, and ftri(5lly 
obferved, by our groat Lord and Mafter himfelf, 
and his apoflles and difciples, in and after his 
time ; and although for good reafons, the day 
was changed by them, yet a feventh day hath 
been conftantly obferved in all ages of Chrifti- 
anity down to our prefent time. 

Thus we have a day appointed by God bim- 
felf, and obferved throughout all ages, except 
fome few, perhaps, which deferve not to be 
brought into example. 

And a wife deiignation of time this is, weli 
becoming the divine care and precaution ; ferv- 
ing for the recruiting our bodies, and difpatch- 
ing our affairs, and at the fame time to keep 
up a fpiritual temper of mind. For, by allow- 
ing fix days to labour, the poor hath time to 
earn his bread, the man of buiinefs time to dif- 
patch his affairs, and every man time for the 

work 
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ivork of his refpeftive calling. But had there 
been more, or all our time allotted to labour 
and bufinefs, and none to reft and recruit, our 
bodies and fpirits would have been too much 
fatigued and wafted, and our minds have been 
too long engaged about worldly matters, fo as 
to have forgotten divine things. But the infi- 
nitely wife Ruler of the world, having taken 
the feventh part of our time to his own fervice, 
hath prevented thefe inconveniencics, hath given , 
a relaxation to ourfelves ; and eafe and refreih* 
ment to our wearied beafts, to poor fatigued 
Haves, and fuch as are under the bondage of 
avaricious, cruel matters. And this is one rea- 
fon Mofes gives of the refervatioo and reft on 
the feventh day. Deut. v, 13, 14; 15. * Six days 
' fhalt thou labour, and do all thy work ; b^t 
^ the feventh is the fabh^th of the Ljord thy 
f .God ; in it thou (halt not do any work« thou, 

* nor thy children, fervants, cattle, or ftranger, 
^ that thy man-fervant and maid-f(?rvant may 
^ reft as well as thou. And remember, that 

* thou waft a fervantt &c. therefore the Lord thy 

* God commanded thee to keep the fabbath-day/ 
That carnal, greedy people, fo bent upon gain, 
without fuch a precept, would have fcarce fa- 
voured their own bodies, much lefs have had 
mercy upon their poor bondfmen and beafts % 
but by this wife provifion, this great burden was 

taken 

5 
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taken off. But on the other hand^ as a \oT\gtT 
liberty would too much hare robbed the mailer's 
time, and bred idlencfs, fo by this wife provi- 
fion, of only one day of reft, to fix of labour^ 
that inconveniency was alfo prevented. 

Thus the wife Governor of the world harh 
talcen care for the difpatch of bufinefs. But 
then as too long engagement about worldly 
mitters would take off mens minds from God 
and divine matters, fo by this refervation of 
every feventh day, that great inconvenience is 
prevented alfo ; all being then bound to worfliip* 
their great Lord and Mafter, to pay their ho- 
mages and acknowledgments' to their infinitely 
kind Benefador ; and, in a word, to exercife them- 
selves in divine, religious bufinefs, and fo keep 
up that fpiritual temper of mind, that a perpe- 
tual, or long application to the world would 
deftrov. 

This, as it was a good reafon for the order df 
a Sabbath to the Jews ; fo is as good a realbti 
for our Saviour's continuance of the like time 
in theChriftian church. 

And a law this is, becoming the infinitely; 
wife Creator and Confervator of the world ; a 
law, not only of great ufe to the perpetuating 

the 
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the remembrance of thofe greatell of God's 
mercies then commemorated^ but alfo exaftly 
adapted to the life, occaiioni^ and ilate of man 1 
of man living in this, and a-kin to another 
world : a law well calculated to the difpatch of 
our affairs, without hurting our bodies or minds. 
And fince the law is fo wife and good, we have 
great teafon then to praftife carefully the duties 
incumbent upon us; which will fall under the 
confideration of the 

II. Thing I propofed, the bufinefs of the day, 
which God hath referved to himfelf. And there • 
arcf two things enjoined in the commandment, a 
ceflation from labour and worldly bufinefs ; and 
that we remember to keep the day holy. 

Ftrft, There mud be a ceflation from worldly 
bufinefs, or a reft from labour, as the wordyi*- 
batb * fignifies. * Six days thou fhalt do all thy 
• work, but the feventh is the Sabbath of the 
' Lord thy God, (not thy day, but his,) in which 
' neither thou, nor any belonging to thee, Ihall 
^ do any work/ In which injundionit is obferv- 
able, how exprefs and particular this command- 
ment is, more than others, in ordering all forts 
of perfons to ceafe from work. 

* JXW Ceflatio, requics. 

L 4 Secondfy^ 
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' Secondly^ We mull remember to keep the day 
holy. Which remembrance is another thing alfo 
in this, more than in the other commandments, 
and implies, 

ijl, That there is great danger of our for- 
getting, negleding, or being hindered from 
keeping the day holy, either by the infirmity 
and carnality of our own nature, or from the 
avocations of the world. 

^My, That the keeping it holy is a duty of 
more than ordinary confequence and neceflity* 
And of grcateft confequence this is, 

1 . To . perpetuate the remembrance of thofe 
grand works of God commemorated on that 
day in the firft ages of the world, the creation ; 
in the middle ages, the creation and delivery 
from Egypt; and under Chriftianity, the crea- 
tion and redemption by Chrift. Which mercies, 
without fuch frequent occafions, would be ready 
to be forgotten, or difregarded, in fo long a 
trad of time, as the world hath already ftood^ 

. and may, by God^s mercy, ftill ftand. 

2. To keep up a fpiritual temper of mind, by 
thofe frequent weekly exercifes of religion, as 
hath been already mentioned. 

3- To 
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5* To procure God^s blefiing upon the labours 
and buiinefs of our fix days^ which we can nevet 
cxpeA fliould be profperous, if wc are negligent 
of God's time. For, how can we expert God's 
bleffing, upon a week fo ill begun, with a neg- 
left, or abufe of God's firft day ? And therefore 
if we become unprofperous in the world i if 
lofifes, troubles, or dangers befal us, let us re- 
fleft how wc have fpent the Lord's day ; whether 
we have not wholly neglefted it, or abufed it; 
in riot, or made it a day for taking joumies, for. 
more private hufinefs, and lefs fcandalous la- 
bour, as the cuftom of too many is. 

Thus having ihewn what reafon there is to 
remember to keep holy the day dedicated to 
God, I ihall confider how we are tokeep it holy, 
and fo conclude. Now, the way to keep it 
holy, is not by bare refting from work; for that^ 
as a father faith is, ' Sabbatum bourn et afinorum, 
' a fabbath of beafts:' but holy afts are the 
proper bufinefs of a holy day, celebrated by 
rational beings. Among all which, the grand 
principal, and moft univerfally praftifed, is the 
public worlhip of God, the aflembling at the 
public place of his worlhip, to pay, with our 
fellow creatures, our homages, thanks, and 
praifes to the infinite Creator and Redeemer of 
the worldi This^ as it is iht moft reafonable 

fervicc. 
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fcrvicc, and proper bufinefs for this day, fo i( li 
what hatb been the practice of all ages. It was 
as early as Cain and Abel's days. Gen. iv. 3. 
what was pradifed by religious perfons in thd 
following ages, till the giving of the law ; and 
at the giving of that, C3rod was pleafed to order 
places, and his particular worihip, as well as 
the feventh day. The tabernacle and temple 
were appointed by God's cxprefs command ; be- 
fides which there were fynagogues all over the 
nation ; fo that in our Saviour's time, every great 
town, or village, had one, or more in it, and 
Jerufakm 460, or more \ 

The worihip of thefe places, our bleffed Sa* 
viour was a conftant and diligent frequenter of. 
It is faid, « He went about all the cities and 
' villages, teaching in their fynagogues, and 
' preaching, and healing, &c. Matth. ix. 35. 
And St. Luke reporteth it as his cOnftant cuftom 
and practice, Luke iv. 16. * And as his cuftom 
* was, he went into* the fynagogue on the Sab- 
bath-day.' 

Having thus mentioned the prafticeof Chrift, 
it is not neceflary I Ihould fay much of the 
praftice of his apofties, and the following purer 

* See Lightfoot's WaiHa, voU 9^ ?• 35» tnd 646: 

agel 
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ages of Chriftianity, who, in ihort, as their duty 
was, diligently followed their great mailer's eXf- 
ample, ^ They did not think it enough to read and 

* pray, and praife God at home, but made con- 

* fcicnce of appearing in the public aiTemblies, 
^ from which nothing but ficknefs and abfolutc 

* neceflity did detain them ; and if fick, or iii 

* prifon, or under banilhment, nothing troubled 
^ them more, than that they could not come to 

* church, and join their devotions to the com- 
.* mon fervices. If perfecution at any time 

* forced them to keep a little clofe; yet no 

* fooner was there the leaft mitigation, but they 
^ prefently returned to their 9pen duty, and pub- 

* lickly met all together. No trivial pretences^ 

* no light excufes, were then admitted for any 

* one's abfence from the congregation, but ac- 
' cording to the merit of the caufe, fevcre cen- 

* fures were pafled upon them,' &c. to exprefs 
it in the words of one of our beft antiquaries ^. 

The public worfliip of God then is not t 
matter of indifference, which men have in their 
own power to do, or omit, as they pleafe ; nei- 
ther is it enough to read, pray, or praife God at 
home, unlefs fome inevitable neceflity hlndereth; 
becaufe the appearing in God's houfe, on his 
day, is an ad of homage and fealty, due to the 

' Dr. OtTc't Primitifc ChriftiaAitfi p. i. cip. 7. 

Creator^ 
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Creator, a right Of fovercignty we pay him# 
And the with-holding thofe rights and dues from 
God is a kind of rejeding God, a difowning his 
fovercignty, and a withdrawing our obedience 
and fervice. And this was the very reafon why 
the profanation of the ' Sabbath was punilhed 
with death among the Jews, the Sabbath being 
a fign, or badge of the God they owned and 
worlhipped e. Thus Exod. xxxi. 13. * My Sab- 
^ baths ye ihall keep ; for it is a sign between 

* mc 

< At this day it is cullomary for fcrvants to wear the livery of their 
mafteriy and others to bear badges of their order, profefTioo, fervili* 
tVy &c. So in fomier ages, and diverfe countries, it was ufual to bear 
badgety marks, and figni on divers occadons* In Ezek. ix. 4. 'A 

* mark was to be fet on the fprehead of thofe that lamented the abu- 

* minations of the city.' The like was to be done upon them in Rev. 
rii. 3. and ix* 4. So the worihippers of the beaft. Rev. xiii* z6. 
were to receive a Xupayfxa, * A mark in the right hand, on their 

* foreheads.' Thofe Xatfay(xara, i^fayfft:. Badges, &c. were very 
common. Soldiers and (laves bare them in their arms or foreheads ; 
fach as were matriculated in the heteriae, or companies, bare the 
badge or mark of their company ; and whoever lifted himfelf mto 
the fociety of any of the feveral gods, received a Xafyfxa, or amaxk 
in his body, (commonly made with red hot needles or fome bum" 
ing in the flefh,) of the God he bad lifted himfelf under. And af- 
ter Chriftianity was planted, the Chriftiarrs had alfo their ftgn of the 
crofs. And not only marks ii) their flefli, badges on their clothes, 
&c. were ufual ; but alfo the dedication of days to their imaginary 
deities. Not to fpeak of their fcftivals, &c. the days of the week 
were all dedicated to fome of their deities. Among the Romant, 
Sunday and Monday, to the Sun and Moon ; Tueiday to Mars j. 
Wcdaefday to Mercury, &c. So our Saxon ancefton did the fame 

Sunday 
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* me and you, throughout your generations; 
^ that ye may know that I am the Lord, that doth 
' fandtify you;' or, as the original maybe ren- 
dered, * A fign to acknowledge, that I Jehovah 
^ am your Sanftifier, or, your God :' for, as 
our learned Mede obferves, * To be the Sanc- 

* tifier of a people, and to be their God, is all 

* one/ So likewifevery exprefly in Ezek. xx. 
ao. * Hallow my fabbaths, and they fhall be a 

* fign between me and you, that ye may know 

* that I am the Lord your God;' or rather as 
before, * to acknowledge that I Jehovah am 
^ your God/ 

The fabbath being thus a fign, a mark, or 
badge, to acknowledge God to be their God, 
it follows, that a negleft or contempt of that 
day redounded to God; to flight that, was flight* 
ingGodj to profane that, was to affront God; 
for the punifliment of which, what more equi- 
table penalty than death ! And although under 
Chriftianity, the punifliment is not made capital^ 
yet have we no lefs reafon for the ftridt obferv- 
ance of this holy day than the Jews, but rather 

greater 

Sunday and Monday, as the Romans did to the Sun and Moon ; 
Tuefday to Tuyfco ; Wednefday to Woden ; Thurfday to Thuocr ; 
Friday to Friga ; and Saturday to Seater : an account of which 
deities, with the figures under which they were worlhipped, may be 
met with m our learned Verflegan, ch^p. 3. p. 68. 
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greater reafons. For the God we vvorihip is the 
fame: if after the fix days'labour^he was, by the 
feventh, owned to be God, the Creator; no lefs 
is he by our Chriftian Lord's-day ; if by the ce- 
lebration of the Sabbath, the remembcrance of 
their deliverance from the Egyptian bondage 
was kept up, and God acknowleged to be the 
effeftor thereof; we Chriftians have a greater de- 
liverance ; we own our deliverance from fin and 
Satan, wrought by a greater Redeemer than Mo- 
fcs, even the blefled Jefus, whofe refurreftion 
ao4 the completion of our redemption thereby, 
was performed on the Chriftian Lord's-day* 

And now, to fum up, and conclude thefc in- 
ferences, and lb put an end to this part of my 
furvey : fince it appears, that the works of the 
Lord are fo great, fo wifely contrived, fo ac- 
curately made, as to deferve to be enquired into ; 
fince they are alfo fo manifeft dcmonftrations of 
the Creator's being and attributes, that aU the 
world is fenfible thereof, to the great reproach 
of atheifm : what remaincch, but that we fear 
and obey fo great and tremendous a Being ! that 
we be truly thankful for, and magnify and praife 
his infinite mercy, manifefted to us in his works ! 
And forafmuch as he hath appointed a day on 
purpofe, from the beginning, for thefe fervicesj 
t}iat we may weekly meet together j commemo- 

ratt 
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rate and celebrate the great work of creation^ 
that we may pay our ads of devotion^ worlhip^ 
homage^ and fealty to him ; and fince this is H 
Wife and excellent diftribution of our time^ what 
ihould we do^ but confcientiouily and faithfully 
pay God thefe his rights and dues 1 and as care« 
fully and diligently manage God^s time^ and dif- 
charge his bufinefs then^ as we do our own upon 
fix days ; particularly that with the pious pfalm- 
ift, ^ We love the habitation of God's houfe, and 
' the place where his honour dwellethi' and 
therefore take up his good refolution in Pfal. v, 7, 
with which I (hall conclude; ' But as for me I 
< will come into thine houfe in the multitude of 

• thy^ mercy, and in thy fear will I worihip 

• towards thy holy temple.* 

Now, to the fame infinite God, the omnipotent 
Cllator and Preferver of the world, the moft 
gracious Redeemer, Sanftifier, and Infpirer of 
.mankind, be alf honour, praife, and thanks, now 
and for ever^ Amen. 
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Great SIR, 

"VT OUR Royal HIghnefs having done me fo 
great aq honour, as to take this Book un-r 
der your Patronage, with great humility and 
thankfulnefs J lay it at your feet ; not doubting 
but that (whatever my performance is) the fub« 

t jeft 
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jed will be acceptable, k being a vindication of 
the exiftence and attributes of that infinite Being, 
to whom your Royal Highnefs hath no lets 
pioufly than juftly afcribed your great Royal 
Father's and your Family** peaceable acceffion 
to the crown, and dignity to thefe realms. 

That the bleflSngs of the fame moft merciful 
Being -may be perpetuated to your Royal Hight 
nefs, and all yours, is the hearty prayer of, 

Moft Illuftrious Sir, 



Your Royal.Highnefs's 



Moft Humble 



Obedient Servant; 



W. P P R H 4 M. 



TO THE 



READER. 

T^Otwithftanding that a book is more com- 
pleat and valuable by additions and amend* 
tnents^ yet I think tUat many atld great additions 
are an bardfhip and injuftice to the purchafers of 
a former edition ; and therefore have in this, and 
the foregoing editions, avoided it as much as I 
well could, although fome of rty learned friends 
would have perfuaded me to it, and alfo con« 
tribuced their obfervations* 

But yet from what I have (aid iii the Prelim* 
inary Difcourfe, p. 177, it will, I doubt not, be 
' expected, that I ihould give fome account of the 
obfervationsi which the long and good glafles in 
my hands have afibrded me fince the laft edition 
of this book. 

But I have little to boaft of hef e, having (be- 
fides the old former complaint of the want of a 
long pole to manage Mr, Huygens's glafs with) 
many great hinderances in my obfervations, part-% 
ly by a very dangerous fit of ficknefs, which 
hung l<Hig about me i and partly by my neceffary 
aifairs calling me to matters of another nature^ 

\% But 
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But fome of the moft confiderable of my obfcrv- 
ations were thefe. 

1. Viewing Y^nus with Mr. Huygens's glafs 
divers nights, when near her perigee, and much 
horned, I thought I faw anfradus or roughneflcs 
on the concave part of the enlightened edge, 
(fuch as we fee in the new moon) which I have 
reprefented as nearly as I could in fig. 12. 

2. In my frequent views of Jupiter, I find bis 
belts to have great variations ; that they change 
their places; that their breadths alter, being 
fometimes broader, fometimes confiderably nar- 
rower ; that fometimes they arc more in number, 
fometimes fewer, fometimes they are darker and 
blacker, fometimes thin and only like a mift* 
Towards the poles of Jupiter are the greateft al- 
terations, there being fometimes few or no belts 
towards one or the other pole ; fometimes one 
quite acrofs the polar parts, another reaching 
but half, or a part of the way. And even about 
the middle, or equatorial parts of Jupiter, 
where there are always belts,(and commonly two) 
yet thefe vary confiderably. Sometimes they are 
nearer one another, fometimes further afunder j 
fometimes as cenfiderably broader, efpecially that 
neareft the middle ; fometimes as confiderably 

narrower ; 
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narrower ; fometimes they both advance towards 
one pole, and then recede towards the other 
oppofite pole. Of majiy of thefe appear- 
pearances I took draughts^ and defigned to have 
enquired whether they had certain periods ; but 
want of health and leifure prevented me. 

And not only the belts, but the fpots alfo of 
Jupiter vary greatly ; I do not mean the fpots 
occaiioned by the ihade of the fatellites, but 
fuch as are on the very difk ; which are fbme* 
times of one form, fometimes of another ; and 
oftentimes none to be feen at all, although the 
fame face of Jupiter Ihould be towards us. 

3* The lad thing I Ihall mention is the nebu-* 
lofe, which are thofe glaring whitiih appear* 
ances, feen with our telefcopes in Andromeda's 
girdle, Hercules's back, Antinous's foot, Orion's 
fwt)rd, in the Centaur, Sagittary, &c. which ap* 
pear through the telefcope fomewhat after the 
manner as On- Caacri doth to the naked eye. 

Thefe nebulofe I have often viewed with glafles 
of very different lengths, particularly that in 
Pede Jntinoi with Mr. Huygens's : but I confefs 
that I could never difcern what they are ; neither 
indeed could I perceive any great difference in 
their appearances through a very good glafs of 

• 

about 
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about 14 foot, and others of 30 and 40 foot, yea, 
Mr. Huygens's of 126. 

But indeed the grand obf^acle to all my views 
with Mr. Huy gens's glafs was the vapours near the 
horizon^ which not only obfcured the objed, but 
caufed fo great a trembling and dancing thereof j 
fis made it no lefs difficult to be diftindtly and ac-< 
curately viewed, than a thing held in the hand is^ 
when danced and ihaken backwards and forwards^ 
By this means my expcftations from Mr* Huy^ 
gens*s glafs were frequently fruftrated, excepting 
in nights that were more than ordinarily ferend 
and clear ; which was commonly in fuch as wer€ 
the moft intenfely frofty and cold* 

Finding it therefore unlikely that 1 ihould dd 
much more with Mn Huygens's glafs than I had 
done, 1 rcftored it to the Royal Society which 
lent it me, (and to whom Mr. Huygens be* 
queathed it by his laft will) contenting myfclf 
with the view^ it had given me, and that I had 
difcovercd it to be an excellent glafs ; which Dr« 
Hook, and fome others of our bcft judges, took 
to be good for nothing. 

And now having given this account of my ob- 
fervations, and alfo ihewed what hindered my 

com- 
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compleatlng of them, (which may excite farther 

enquiries, as well as ferve to vindicate mvfelf) 

J fliall recommend thcfe things to fuch as have 

good glaffes, particularly to the diligence 

and accuracy of my very ingenious friend the 

Rev. Mr. Pound, into whofe hands the Royal 

Society have put that noble bequeft of Mr. 

Huygeps, and who is fo well accommodated for 

raifing and ufing that glafs, as to have feen 

(among other confiderable things) the five fateU 

Jites of Saturn ; which, I confefs, I could never 

reach, nor above three of them that I could be 

fare were fatellites ; I fay, that I could.be fure 

were fuch, becaufe it is not very eafy to diftin- 

guifh which are iatelliteSj^ and which are fmall 

telefcopic ftars, which very frequently fhew 

themfelves in a glafs of fuch goodnefs as that is. 

I remember that I once verily thought I had 

found out feven fatellites of Saturn, with this 

very glafs of M^. Huygens, fo regularly were 

they placed in rcfpedt of Saturn. But when I 

came to examine them the following nights, I 

found that there were really no 'more than two 

fatellites, the reft being fmall fixt ftars. But 

Mr. Pound's (kill and exadnefs in fuch obferva- 

tions is, I know, fo great, (and I may add that 

of my fagacioiis friend Dr. Halley too, who, I 

hear, hath feen. the fame) that I do not fay this 

by way of caution to them, although it may 

ferve as fuch to m^ny others. 

I And 
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And now for a clofe, I fhall take this oppor- 
tunity of publicly owning, with all honour and 
thankfulnefs, the generous oiFer nnade me by fome 
of my friends, eminent in their ftations, as well 
as ikill and abilities in, the laws, who would have 
made me a prefent of the May- pole rn the Strand 
(which was to be taken down) or any other pole 
I thought convenient for the management of Mr. 
Huygens*s glafs. But as my incapacity of ac- 
cepting the favour of thofe noble Mecoenates, 
hath been the occafion of that excellent glafs 
being put into better hands ; fo, I afTore myfelf^ 
their expedations are abundantly anfwered, by . 
the number and goodnefs of the obfervations that 
have been, and will be made therewith. 



A PRE- 
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A PRELIMINARY 

DISC OURSE, 

CONCERN il^ 6 

tHB SYSTEMS OF THE HEAVE:NS, tHE HABlTA- 
BILITY OF THE PLANETS, AND A FLITRALITY 
OF WORLDS, USEFUL FOR THE READING OF 
tUE FOLLOWING BOOK. 

A^Y Phyfico-Theologjr having met with fa 
quick a falc as to, come to a fefcird irrt- 
preflibn before the year was expired^ but efpeci- 
ally the folicitations of many learnfed men, both 
known and unknown, have given me great en- 
couragement to fulfil my pranife, io fending 
abroad this other part, relating to the heavens : 
which Ihould fooner have feen the light, but 
that I was minded rwt to interrupt the reader's 
patience with many notes (which I could not 
well avoid in my PKyfico-Theology, and which 
my rough draught of this was burthened A^rlth) 
and therefore I threv^ the greateft part of them 
into the text : which neceffitated me to tranfcribc 
the whole. And when my hand was in, I new. 
macle fomc part of it, and added many new ob- 
fervations of my own, which I have lately made 
with fome very good long glafles, I have in my 
VoUIL M hands i 
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hands ; one of Campani's grinding ; and other^ 
of Engliifi work, which exceed it ; but fefpeci- 
ally one of Mr. Huygens's of about 126 feet, 
which few for goodnefs do furpafs. 

Of thefe obfervations the reader fliould haTtf 
met with many more (and I believe fome of my 
iAgeiiioiis friends do expedt more) but that I lay 
under two inconveniences. One the want of an 
open free horizon, my habitation being fur round- 
ed much with trees. The other, and indeed the 
chief, the want of a long pole of 100 or more 
feet, to raife my long glafs to fuch an height ai 
to fee the heavenly bodies above the thick va- 
pours ; which much obfcure all objects near th« 
horizon, efpecially when viewed with long and 
good glaffes. But as I have been at confiderable 
expences already about thefe matters, and this I 
am informed would amount to 80 or 90I. I 
thought it too great a burthen for me to bear. 

Arid, tkerefbre, if 1 have not fiifficiently an-J 
fwered the expectations of fdme of my learned 
and ingenious friends, I hope they will excufd 
me,»arid I believe it to be more mjr calartiity thafl 
fault that i liave done fib more : efpecially 
among fuch planets as have advantagcoyfly pre-i 
fented themfclves,. as Saturn particularly hatK, 
whoTc five or more fitellites it majr be tkpt&cd 

1 Hafvd 
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I have fecn ; but I could never reach but three 
of thfetn, and they only, when there were but 
few vapours. And as for the fpots in Mars and 
Venus, and their motion round their own axis, I 
confefs I have not yet had good views of thofe 
planets, fince I have had my furniture of glafles, 
by reafon of the too great diftance of Mars from 
the earth, and the proximity of Venus to the 
Sun; and of late the cloudy weather, and the 
fmall altitude which Venus hath above the hori* 
zon. But if I can obtain a fufEcient apparatus, 
and God is pleafed to grant me life, health, and 
leifure, I hope to compehfate for my defefts* 

But, however, what is here wanting in my own^ 
is fufficiently made up from the obfervations of 
others^ of which the learned world hath good 
ftore, fince the invention of the telefcope i which 
as it hath made ample difcoveries of the works of 
God, fo hath laid open a new, ^and a far more 
grand and noble fcene of thofe works, than the 
world before dreamt of^ and afforded us a far 
more' rational- fyftetH of the heavens and the uni« 
verfe, than was before entertained. 

' And forafmuch as I have frequent occafions in 
my following book to fpeak of, and according to 
this and fome of the other fyftcms, it is neceflary 
I fhould by way of preface,- give fome account of 
thorn to enable fuch perfous to read my book 
as are unacquainted with aftronomical matters. 

Ma. Acaong 



fSo THS rraLEMAic system. 

Among all the varvous fyftems, I need take 
notice only of three, the Ptolemaic, jthe Coper- 
liican and the new fyfteni. Of each of which in 
their order* 



OF THE PTOLEMAIC SYSTEM. 

» 

In the Ptolemaic fyftem the earth and waters^ 
are fuppofed to be in the centre of the univerfe -, 
next to which is the element of air, and next 
above that is the element of fire; neit that, the 
orb of Mercury, then that of Venus, then that of 
the Sun ; and above the Sun's orb, thofe of Mars, 
Jupiter, and Saturn ; and above them ril the fir* 
mament, or orb of the fixt ftars ; then the cryftal- 
line orbs ; and laftly the cmlum empyreum^ or hea- 
ven of heavens. All thefe mafly orbs, and vaff 
bodies borne by them, are in this fyftem, fup- 
pofed to move round the terraqueous globe onctf 
in 24 hours ; and befides that, in fome other cer- 
tain periodical times. For the hefting of which 
motions, they were forced tb contrive fuch cir- 
cles as they called eccentrics and epicycles, crof- 
fing and interfering with one another ; which I 
could not reprefent in fo narrow a compafs as 
Fig. I. is, that is a fcheme of this Ptolemaic 
ifyftem ; which is univerfally maintained by the 
Peripatetic philofophers. 

of 
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OF THE COPERNICAN SYSTEM.^ 

The next fyftem is the Pythagorean or Copcr- 
nkan, being invented as fonie imagine by Py- 
thagoras himfelf. But Diogenes 'Laertius * ex- 
prefsly faith, that Pythagoras's opinion was. 
That the world was round, containing the earth in 
the midft of it. And by Pliny's account of «• 
Pythagoras, his diftances, and orders of the pla- 
nets, this fcems to have been his opinion* But the 
fame Laertius ^ affirms Philolaus, the Pythago- 
rean, rnf rqv xmicrBut x«T<» x'jxXot, ir£;«fro7 itViiv* ik i^t, *lxtrar 

ivcaiuiaw ^affiy to havc bccn the firft that faid the 
earth was moved in a circle ; but fome fay Hi- 
cetas the Syracufian, So Plutarch in his life of 
Numa, fpeaking of Numa'$i>uildipg the temple 
of Vcfta, faith, he built it round, and that a con- 
tinual fire was kept therein, in imitation of the 
figure of the earth, or rather of the whole world 
itfelf, the middle of which the Pythagoreans (not 
Pythagoras) take to be the feat of fire* 

This fyftem (whoever was the inventor of it) 
Copernicus, a canon of Tourain, reftored about; 
the beginning of the 15th century, and was fal- 
lowed therein by many confiderable men, as 
Rheticus, Moeftlinus, Kepler, Rothman, Bui- 
lialdus, Lanlberge, Hciigpnius, §chickard, 

* b. vin. in PvthagTU 
^ Nat. Hift. !i^. i*. c. 21, 2a. 
. f Ibtd« iaPhiloIao, 

M 3 Gaf, 
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Gaflendus, GalilacOy and others. The laft of 
which (by the ill*will and inftigatioq of Pope 
Urban III. as it is fpppofed) had the misfortune 
to fall under the cenfure of, and to have his 
Copernican tenets condemned by the inquifition, 
and was forced to abjure them. The particulars 

of which^ if the reader hath a mind to fee. he 

• • • . ,1 

may find them ix^ Riccioli's Alqiageft.« 

According to this fyfiem^ the fun is fuppofed 
to be in the centre^ and the heavens and earth to 
revolve round about him^ according to their 
feveral periods : firft Mercury ip near 88 days ; 
then Venus in fome what above '224 days; then 
the eartlj with its fatcUitc the Moon, m 365^ 
days; then Mars |n about 687 days; then 
Jupiter with his four moons in about 4333 days j 
and laftly, Saturn in fomewhat above 10750 days, 
with his five or more moons revolving about 
him. And beyond^ or above all thefe, is the 
firmament, or the region of the fixt ftars, which 

• • • • 

are all fuppofed to be at equal diftances from 
their centre the fun. 

This is the Copernican fyftem,, which I have 
given a fcheme of in Fig. 2. And fo far as this 
fyflem relates to the motion of the earth, and 
the fun retting in the centre, I prefer it s;o the 

> Lib. is. Se£t. 4. Chap. 40. 

Ptolemaic 
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Ptoiematc hypotbefis qn thefe five following ac- 
counts : 

!• Bncaufc it is far more agreeable tQ nature, 
v/k'xch n^ver goes a round-about way, bw always 
adts by the moft compendipus, eafy, and fimple 
nietho4s» Aqd in the Copernican way, that is 
performed by one, or a few eafy revolutions^ 
which, in the other way, is made the work of 
the whole heavens, and of m^py ftrange and 
unnatural orbs^ Thus the diurnal motion is ac- 
counted for, by one revqlutiqii of the earth, 
ivhich all the whole heavens are called in ior, io 
the other way ; fq for the periodical motions of 
the planets, their (tations, retrogradations, and 
dired motions, they are all accounted for by one 
eafy, fingle motion round the fun ; for which, 
in the Ptolemaic \vay, they are forced to invent 
divers ftrange, unnatural, interfering eccentrics 
and epicycles. An hypothefis fo bungling and 
monftrous, as gave occafion to a certain king to 
fay, if he had been of God's gouncil, when he 
made the heavens, be could have taught hin> 
how to have mended \\i$ work, 

2. As the Capernican is far mora eafy and 

* 

agreeable to nature than the Ptolemaic fyftem, 
Xo it is far more complete, and anfwerable to the 
Variqus ph^snomena of thp planets; feveral of 

M 4 which 
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which the Ptolemaic h}'pothei)$ either very auk* 
wardly folves, or doth not af all come up to, 
I might inftance hereip divers particulars relating 
to Venus a^d Mercury, as why the earth is 
pever between them and the fun, which the 
Ptolemaic fyftem giye§ no tolerable account 
of, and but poor accounts of other of their 
phasnonlena, as alfo of thofe of the mooo 
and the other planets, I might ihew alfo ho\)^ 
incoherent and improper the motions aifign- 
ed to the heavenly bodies are in the Ptolemaic 
way, as that the moon fhould move round once 
in a month, the other planets in fuch and fuch 
periods as are a(Iigt]ied to them ; the firmament 
or fixt ftars, in.25or 26000 years; the fphere 
beyond that in 1700 years j the tenth fphere, in 
3400 years ; ai)d the outermoft of all, the primum 
piohile^ which moves all the reft, in only 24 hours^ 
Which are motions fo unproportional, and dif- 
agreeable, that arefufficient to fub vert the whole 
hypothelis. But it would be endlefs to enter 
into a detail of fuph incoherences and improprie- 
ties as the l^toleipaic fyftetn abounds with, 

3. The prodigious and inconceivable rapidity 
afligned by the Ptolemaic to the heavens,, is by 
the Copernican fcheme taken off, and a far more 
eafy and tolerable motion fiibftituted in its roocn. 
For is it not a far more eafy niotion for (he earth 

to 
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to revolve round its own axis in 24 hours, tbaQ 
fpr {p great a aumber of far more mafly, and 
far diftant globes, to revolve round the earth 19 
the fame fpace of time ? If the maintainers of 
the Ptolemaic fyftem do objeiS; againft the mor 
l^ion of the earth, chat it would mak$; usdizzy^ 
and ihjatter our gl^bc to pieces, what a precipi- 
f ant, how terrible a rapidity muii: that of th^ 
heavens be ? What a velocity muft the fun h^ye 
to run its courfe, at t^he difta.nce of ai or ^^ 
femidiametcrs of the earth? What a velocity 
muft that of the fixt ftars, efpecially that of the 
primutn mobile be, at far greater diftances than the 
fun is ? 

4. It is an inconteftible argument of the fu^ 
being the centre of the planets about him^ and 
not the earth ; that their motions ^d diflancey 
refpeft the fun, and not the earthi For with 
regard to the fun, the primary planets have 
^ Tery due motion, in proportion to their feveral 
diftances ; that is, their motions round the fun^ 
are in fefquiplicate proportion to their diftance^ 
from him. J, but this proportion doth not hold at 
all with relation to the earth* But as for the fe^* 
condary planets, round Saturn, Jupiter, and 
the earth, it is very certain that they have the. 
fame refped to their primaries, as thefe primaries 
have to the fun; that is, the fquares of their 

revolution^ 



lf6 OBJECTIONS AGAINST 

revolutions are as the cubes of their diftances^- 
And as it is very certain and vifible^ that tb^ 
fecondary planets refped their primaries as tbeii^ 
centres^ and move round them, fb it is i& fome 
meafure (one would think) no lefs certain, and 
beyond doubt, that all the primary planets 
which have the (elf fame refpeft to, and motion 
with regard to the fun, ^s thofe fecondaries bav^ 
to their primaries, that thofe primaries, I fay, do 
move round him as their centre, and not about 
the earth, tq whom they have no fuch ^efpef^. 

5* The laft argument I fhall allege for my 
preference of the Copernican to the Ptplemai? 
iyftem is from the great parity and congruity 
obfervable among all the works of the creation ; 
which have a mariifeft harmpny, and great 
agreement with one another. 

Thus \x\ ouc prcfent cafe, it is manif^ft to ouf 
fight, that every globe we have any gppd vie\Y 
of, hath fuch like motians as thofe are which 
we afcribe to the earth. The fqn, indeed, being 
in the centre, is as it we^e fixed there, and hath 
no periodical mo.tion : but yet the other m^ttion 
round its own axis, we can maRifcftly difcern. 
And as for all the planets which move round 
^boiit the fun, they have, as i^\ a$. it is noffi^^e 
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for us to fee them, fuch motions as thofe we af« 

^ « ' • . • • * 

critic to the earth, namely, a diurnal rotatioa 
roqnd their own axis, and a periodical revolu^ 
tion round the fun. And if this be manifeft in 
the other planets, what ihould hinder its being 
fo in our own? Why Ihould ours be Angular? 
Why not be fuppofed tp.be moved as well as the 
yeft, when it is very certain that either it hath 
thofe motions, or the heavens have fo ; and it is 
far more natural and eafy for the earth to per- 
fbrm them, than for the heavens, as hath been 
ai ready fliewu. 

Thus having flicwq how far more probable 
the Copernican fyftem is than the Ptolemaic, fo 
far as it relates to the motions of the heavens and 
earth, and the fun being in the centre, it re-- 
mains (before I proceed to the third and iafl: 
' fyften>) that I ihould anfwcr fome ot^e&ions al- 
leged againft this fyftem, partly- from fcripture, 
and partly fron^ philofophy and fight. 

The objediqns from fcripture are fuch as 
feen> to affert tl^e immobility and reft of the 
earth, ^d the mptioij of the fqn and heavenly 
bodies. 

The texts that are brought to prove the 
immobility and reft of the Earth, i are Chron. 

xvi. 
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xvi. 30* " The world fliall be ftable, that it 
be not moved. The fame is faid^ Pfal. xciii. i^ 
*' The.. world alfo is eftablifhed, that it cannot be 
*^ moved." And fo the fame again Pfal. xcvi, 
10. In Pfal. civ. 5. God is faid *« To lay 
** the foundations of the Earth, that it fliould 
** not be moved for ever/* And laftly, Solo- 
mon, Ecclef. !• 4. aflerts that ^' The earth 
*^ abideth for ever. . Like to which is that of the 
Tfalmift, Pfal. cxix. 90. " Thou haft eftab- 
<' liihed the Earth, and it abideth." Thefe are 
the principal texts which fecm to aflert the im^ 
mobility and ftability of the Earth. 

The principal texts which mention the motiot) 
of the Sun and heavenly bodies, are fuch as 
afcribe fifing, fetting, or (landing ftill to them. 
Thus Gen. xix. 23. ** The Sun was rifen 
*-' upon the Earth, when Lot entered Zoar." 
And Gen. xv. 1 7. '* When the Sun went down^ - 
" and it ^yas dark, a fmoaking furnace, &c." 
So Ecclef. i. 5. ^^ The Sun arifeth, and the 
" Sun goeth down, and hafteth to the place were 
** he arofe." So Pfal. xix. 5. 6. The fun ia 
faid <^ to come out of his chamber like a bride* 
^' groom, and to rejoice as a ftrong man to run- 
" a race. That his going forth is from the end of 
'* the Heaven, and his circuit unto the ends of 
•* it/* Purfuant to which exprefljons of the 

Sun*s 
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Sud*s moving^ it is faid alfo to {land ^illy and to 
go backwards. Thus Jofc. X* 12, 13, ** Sun, 
^' ftand thou flill upon Gibeon^ and thou Moon^^ 
*' in the valley of Ajalorf. And the Son flood 
** ftill, and the Moon flayed. So th€ Sun flood 
*^ ftill, in the midft of Heaven, and hafted not 
** to go down about a whole day." And ia 
1 Kings XX. 10. and Ifai. xx^viii. 8. the Sun is 
faid CO have returned ten degrees backward in 
one of the places, and its fiiadow to have done 
fo in the other. 

Thefe are the chief texts of fcripture, which 
feem- to lie againfl the Copernican hypothefis, 
in anfvver to which, this may be faid in general 
to' them, all : that frnce the defign of the holy 
writings is not to inflru£t men in philofophical^ 
but divine matters, therefore it is not hcceflaFy 
to reftrain the fenfc of thofe text^ to the flridl 
propriety of the words, but .take them to be 
fpoken according to the appearance of thing&and 
the vulgar notions and opinions which men have 
of them, not according to their reality, or phi* 
lofophical verity. Thus in divers other in- 
ftances the holy fcripturei fpeak, and thus even 
philofophers themfelves fpeak* Yea, the Coper- 
picans themfelves, altho' they profefledly own, 
and defend the contrary ; yet in vulgar fpeakipg 
in our prefent cafe, fay. The fun rifeth, fetteth 

3 and 
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ind movethy &c; tfisckifig that to be the ad of 
the Sun in vulgar difcolirfe; which thdy contend 
td be' if! reality performed by the Earth. And 
if philoftfphci^s aftd othertf did not thuscxpreft 
themfelves According to the appearance of things 
and men's vulgar srpprehciifiohs of them, it 
trould need a comtaent,' and they muft explain* 
themfelves every time they fpeak^ in order to 
fhefr being uriderftood; 

Having given this general anfwer, I fliall next 
tonfider the particular texts themfelves ; and fee 
whether they necfeffarily infer what th*y are 
br6ught for the pr6of of. 

And in the firft placed as for tlie texts brdUghH 
to prove the immobility of th6 Earth, it fs ma- 
nifeft that the ttabffity of the worltf, mentibhecf 
in the three firff texts*, doth' not relate to th< 
earth's motion, either annual, of dhirnal, but 
to the condition, ftat'e, and 6rder of the world 
inhabiting the Earth, particularly the pteace and 
profperity thereof. One of o!ur oWfr lateft, and 
moft (earned comaieqtators, the lafe blihop Pa* 
trick y, urideirftands the gofpeUffate t6 be meant 
in the* firft and third of the telxts.' And his para^ 

phrafd 

I See hi* commentary oa Chron, and his parapliraC: on Pfa^ms. 
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phrafe on that inPfal. xciii. i. is, *^ he who iftade 
** the wotld, will fupport that excellent order 
^< wherein we are fettled ; fo that it ihall not be 
*' in the power of man to difturb what he hath 
^ eftablilhcd." 

A5 for what is faid in Pfah civj 5. it is manifeft 
that the pfalmift is there celebrating the works 
of creation, and that there was as fair an occafi'^ 
on of fpeaking of the Earth's reft, in relation to 
. its 6wn motions, as any where. But yet even here 
alfo the feciirlty and permaftency of its f^ateis Ihei 
thing aimed at* The laft moft learned com*- 
nientator thus paraphrafcs on the place : ' " Who 
hath fettled the mafly globe of the Earth, evea 
in the liquid air, upon fuch firm foundattonsi 
that none of thofe ftorms and tempefts which 
beat upon it from without, nor any commotiont 
from within, can ever ftir it out of the place h0 
tath fixed for it*'' 

As for the two remaining pkccs in Ecclef. ahd 
PfaU cxix. it is plain enough that their de£gn 
is to iliew the vanity and inftability of the thibgS 
of this world, that they are all more fleeting and 
Uncertain than other matters, even than tht 

Eartli itfctf, on which they have their refidence^ 

• 

• i^ifhopPafrick's paraph, on Pfal. civ. $« 
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In EccJef. the wife man (who had utideitakeil M 
prove all things here befow W be vanity) begins 
tvith the date of man himfetf, and fhews that to 
be more fickle and trarifitory than the Earth, on 
which the various generations of men live, and 
to which their bodies do all return agafin* The 
generations of men pafs away j " but the Earth 
** abideth for ever,'* in the fame unalterable con- 
dition, without fuch going and coming, as that 
of the generations of men havd. 

In Pfal. cxix. 90. the Pfalmift celebrates God's 
faithfulnefs to all the various and fucceeding 
generations of the world, which he fhews to be 
as conftant and as unalterable as the Earth itfelf, 
which God hath fo efiabliihed, that it abideth 
through all the feveral generations of m«n, when 
they at the fame time are fleeting and change 
ing. 

Thus it appears that all thofe feveral text* 
which aflert the flability of the world, or Earth, 
prove nothing againft the Earth's motion, in a 
philofophical fenfe; only exprefs fome moral, 
theological truths. 

• 
And {o the fame may be faid of thofe other 
places of fcripture, which mention the motion 

of 
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of the Sun and other heavenly bodies, that fay^ 
they rife, fet, and perform the motion whith 
the Copernicans afcribe to the Earth. If we 
ihould take thefe expreffions in a philofophical^ 
ftrid, literal fenfe^ and not as vulgar expreffions 
arifing from the appearance of things ; we ihiall 
find that very odd and unreafonable conclufions 
may as well be colleAed from thofe fcriptures as 
the Sun's motion : as that the Sun hath annual' 
life, motion, and defire, being faid to a£t thef<6 
things itfelf, ^o rife, to fet, yea to hafte to the 
place of his riiing, or, as the Hebrew hath it,^ 
to pant after, or eagerly to deiire it % So iir 
PfaU xix. the elegant pfalmift giving a poetical 
defcription of this noble and admirable work of 
God, the Sun, faith, ^^ God hath, in the Heavens^ 
made a tabernacle for him ;'' as if the Sun had an 
houfe, a refting-place provided for himj from 
which he comes daily forth with beauty and 
luftre, as refplendent as that of a bridegroom ; 
and with the fame ardency, joy, and diligence 
runs his courfe, as a champion doth his race. 
And lailly his going forth is faid to be fcom the 
end of the Heaven, and his circuit to reach to the 
ends thereof; as though the Heavens had two 
extremities, or was, as the ancients fancied the 

* 9iW AnhelaTir, inhiaTiti ?id, Buxtorf* Lexioon. 
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Earth to be^ a long large plane, bounded by chp 
ocean, under which they imagined the Sun be? 
took himfelf, and was thence faid /;Vf^^^^ 0^^099^ 
tp dip himfelf in the ocean wh^n b^ &t. 

And, a; in thefe places of fcripture the Sun U 
iaid to move ; fo in the other places he is faid tq 
ibnd ftill^ and to go backward. But we ihal} 
find, that very abfurd conclufiop^ would follow 
the taking thofe texts in a &si& literal fenfe. 
For in Joihua, the Sun is ordered to ftand dili 
upon Gibeon, and the Moon in the valley of 
Ajalon. But it would be very abfurd to take 
this in a literal fenfe^ and imagine thofe twq 
great luminaries were confined to thofe two 
places, otherwife than in appearance to the vicr 
torious Ifraelites. And if fo confiderable 9 part 
of the tranfa&ion be fpoken according to its ap? 
pearance, why not the whole? Why might 
not this ftation as well be an arreft of the Earth's 
motion as that of the Heavens, if the whole 
tniracle was not (as fome not improbably think) 
efTeAed by means of fome preternatural refrac« 
tions or extraordinary meteors^ &c. 

And fo for the recefs of the Sun, or its fhadow 
In Hezekiah's cafe, that which in appearance 
feeraed to be the adtion of the Sun is by divers 

learned 
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learned men thought io h'ave beeo the effed of 
fuch like eKtraordinary refraftions and n^eteors^ 
as I mentioned in the laft cafe : or if it was a 
r^alrecefs^why not of the Earthy rather than 
the Sun and whole Heaven3 ? 

Thus having anfwered the particular texts^ it 
doth not appear that the fcriptures oppofe the 
Copernican fyftem, but that thofe paflages which 
feem to do fo, are fpoken more according as 
things appear^ than as really they are. For as St. 
Hierdn faith, ^ Confuetudinis fcripturarum efi — It is 
the cuftom of the fcriptures, for the hiftorian fo 
to relate the opinion men had of many matters, 
as at that time thefe matters were by all people 
taken to be. And in another place % *^ There 
are many things in the holy fcriptures, which arc^ 
fpoken according to the opinion of the time in 
which they were done, and not according t^ their 
reality.-' And this is no other than what is very 
reafonable, and fuitable to the end and defign 
of the holy fcriptures, which, as I have faid, is 
rather to inftrud men in divine and moral doc- 
trines, than philofophical truths. And agreeably 



^ Hieroo. in Jofli. J^ 
'JnTercm. xiviiu 
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hcretOySt. Auguftineanfwers this very doubt CQiw 
gerniog the motion of the Heavens. ^ ** Some 
of the brethren (faith he) move a qgeflion, 
whether the Heavens ftaod (till or are moved ; 
becaufe^ fay they, if they are,Q\eved^ how is it 
a firmament? and if they (land (lill^ how do the 
fiarSy which are believed to be fixt to them^^ 
revolve from eaO: to weft, the northern fiars dt^ 
fcribing leffer circles near the pole?*' — t-Tq 
which, faith he, I anfwer, ^* That thefe things 
do greatly require feveral fubtle and laborious 
feafons, to difcover truly whether the matter be 
fo, or not fo. For the entering upon, and dif^ 
cufSng of which, I have neither time, nor is ii 
fit it (hould be done to fuch as we defire to in* 
ftniGt in the way of falvation^^ for the nece^ary 
benefit of the holy church/' 

Having thus anfwered the objeAions from 
fcripture, I (hall in the laft place confider thofo 
brought from fenfe and philofophy. 

The objections from fenfe is, That we fee the 
heavenly bodies aduaily to move, and therefore 
ought to believe they do fp. But there is no 

* Attgu((« de Gcncfi ad LitcraiDi U ii. xo* 

weight 
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weight in this, becaufe whether wc oUrfblve^^ or 
the objed movech, it amounts to the fame* As 
is manifeft to any one carried in a boat or chariot ; 
the progreffive tnotion of which produceth the 
appearance of a regreffive motion in the unmov- 
ed objeds we look upon; according to Virgins 
defcription of iBneas and his company's leaving 
their port. 

Provebimur portu, terrstque urhefqui recedunt *. 

/. e. '* Both lands and towns receded when we 
left our port." As for the reafon hereof, I fhall 
refer to the opticians, particularly the famous 
^epler, who in his Optices Aftronom. hath de- 
tignedly handled this point. 

The objeftions from philofophy are too nu- 
merous to be diftindtly anfwered, efpecially fuch 
as feem very frivolous ; particularly thofe ground* 
ed on a fuppofition of the verity of the Ariftotc- 
lian philofophy ; as the immutability and incor- 
ruptibility of the Heavens, &c. For anfwers to 
which I fliall refer the reader toGalilaeo's Syftema 
Mundi: but for fuch objections as feem to have 
fome reafon in them, they are chiefly thefe, That 

* iEttcid. !• ill- car. ^u 
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if the Earth be moved from W. to E- a bullet 
ihdt weftward would have a farther range^ than 
one ihot Eafiwardi or if (hot N. or S. ic 
would mifs the mark ; or if perpendicularly up« 
rightj it would drop to the weftward of the gun. 
^hat a weight dropped from the top of a tower 
would not fall down juft at the bottom of the 
tower^ as we fee it doth. That birds flying to* 
wards the £. would be hindered in their flighty 
but forwarded in flying the contrary way; with 
much more to the fame purpofe. But not to 
enter ihto a detail of anfwersthat might be given 
to the laws of motion, and the rules of mechanics 
and mathematicksy I fliall only make ufe of the 
moft ingenious Galilseo's plain expetiment, 
which anfwereth all, or moft of the objedions. ^ 
^' Shut, faith he, yourfclf up with your friend 
in the great cabin of a fliip, together with a 
pslrcei of gnats and flies, ahd other little winged 
creatures. Procure alfo a great tub of water, 
and put fifties therein. Hang alfo a bottle of water 
up, to empty itfelf drop by drop into another fuch 
bottle placed underneath, with a narrow neck. 
Whilft the fliip lies ftill, diligently obferve how 
thofe little winged creatures fly with the like 
^wiftnefs towards every part of the c^bin; how 

f Syftcin. Mund. Oiat. i« 

the 
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the fiflies fwitn indifTerently towards all fides; 
ind hcyw the defcending drops all fall into the 
bottle underneath; And if ydu throw any thing 
to your friend, you need ufe no mbre force one 
way than another, ^roVided the diftances be 
equal. And if you leap, you will reach as far 
one way as the other. Having obferved thefe 
particulars whilil the ihip lies ftill, make the 
ihip to fail with what velocity you pleafey and fo 
long as the motiofn is uniform, not fhiduatmg 
. this way and that way, you fliall not perceive 
there is any alteration in the aforefaid efTe&s; 
neither can you from them coneliide, whether the 
ihip moveth or ftandeth ftill. But in leaping 
you ihall reach as far on the floor as you did be^ 
fore ; nor by reafon of the (hip's motion, ihall 
you make a longer leap towards the poop than 
the prow,* notwithftanding that whilft you were 
up in the air, the floor under your feet had run 
the contrary way to your leap. And if you caft 
any thing to your companion, you need ufe no 
more flrength to make it reach him, if he Ihould 
be towards the prow^ and you towards! the poop, 
than if you flood in a contrary pofition. The 
ilrops ihall all fall into the lower bottle, and not 
one towards the poop, dtho.ugh the (hip ihall 
have run many feet, whilft the drop was in the 
sir. The iiihes in the water fliall have to more 

N 4 trouble 
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trouble in fwimming towards the forepart of the 
tub, than towards the hinder part, but Ihall 
make towards the bait with equal fwiftneis, on 
any fide of the tub. And laftly, the gnats and 
flies ihall continue their flight indifferently to- 
wards all parts, and never be driven together to- 
wards the fide of the cabin next the prow, as if 
wearied with following the fwift motion of the 
ihip. And if by burning a few grains of incenfe, 
you make a little fmoak, you fliali perceive it to 
afcendon high, and hang like a cloud, moving 
indifferently this way and that, without any in* 
clination to one fide more than another. The 
caufe of which corefpondence of the effeds, is, 
that the fliip's motion is common to all things 
contained in it, and to the air alfo: I mean when 
thofe things are fliut up in the cabin : but when 
they are above deck in the open air, and not 
obliged to follow the fliip's courfe, differences 
more or lefs may arife among the forenamed 
cffcfts/' 

Thus Galilso by this one obfervation hath 
anfwered the moil confiderable objeftions Ac^ 
duced from philofophy againff the motion of the 
earth. And thus much ihall fuffice for the ex« 
pianation and proof of the Copernican fyftem ; 
rfpecially that part of it relating to the Solar 

fyftem. 
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fyftem* Which things I have more largely than 
ordinary infilled on, for .the fatisfaaion of many 
that I am fenfible doubt of them, and particular- 
ly fome of my friends, (and thofc not unlearned 
too) who may be apt to read my following book 
with prejudice,, wherefoever I favour the Copcr- 
nican notions. 



OF THE NEW SYSTEM. 



AND now I pafs from the fecond fyftem to 
the third, which is called the New Syftem; 
which extends the univerfe to a far more immenfe 
compafs, than any of the other fyftems do, 
even to an indefinite fpace; and replenilhes it 
with a far more grand retinue than ever was be- 
fore afcribed unto it. 

This new fyftem is the fame with the Coper- 
nican, as to the fyftem of the fun and its planets, 
as may be feen by the fcheme of it in Fig. 3. 
But then whereas the Copernican hypothefis fup- 
pofeth the firmament of the fixt ftars to be the 
^bounds of the univerfe, and to be placed at equal 
diftances from its centre the fun, the new fyftem 
fuppofeth there are many other fyftems of funs 
3 and 
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and planets, befides that in which we hate ouf 
tcfidence : namely,- that every fixt ftar i$ a fun, 
and encompafled with a fydtm of planets, both 
primary and fecdndary, as well as ours* 

Thefc feveral fyftctris 6( the fixt ftars, as they 
are at a great and fufficient diftance from the fuif 
and us ; fo they are imagined to be at as due and 
tegular diftances from one anothef. By which 
means it is, that thofe multitudes of fixt ftars ap- 
pear to us of different magnitudes, the nearett td 
us large i thofe farther and farther lefs and \c&4 

Of thofe fyftcms of the fixt ^afs t hkyt given 
a rude reprefedtation in Fig. 34 together with 
.that of the fun ; which may ferve to give an 
unikilful reader fome conception of the ftate of 
the univerfe ; although there be but little like- 
nefs in it, for want of room to lay out all the 
feveral fyftems in due proportion ; which is ne- 
ceflary to a true reprefentation of the matter* 

In this 3d Fig. the fixt ftars with their fyftems 
(reprefented by little circles about thofe ftars, 
which circles fignify the orbits of their refpec- 
live planets) are placed without the limits of the 
Solar fyftem, and the Solar fyftem is fet in the 
centre of the univerfe, and figured as a more 

grand 
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grand and magnificent part thereof** And fo it 
may be looked upon by us^ by reafon of its 
proximity and relation to us. But whether it be 
really lo, whether it be in the centre of the uni* 
verfe^ and whether among all the noble train of 
fixtilars^ there be no fyftem exceeding ours in 
its magnificent retinue of planets^ both primary 
and fecondary, and other admirable contri- 
vances, is a difficulty as out of the reach of our 
glafifes^ fo confequently above our ability to 
fathom, although not at all improbable. But be 
the various fyftems of the univerfe as they will 
as to their dignity, it is fufficient that in all pro* 
bability there are many of them, even as many 
as there are fixt flars, which are without num* 
ben 

This fyftem of the univerfe, as it is phyfically 
demonftrable, fo is what, for the moft part, I 
have followed in the enfuing book, but not fo 
rigoroully and obftinately, as utterly to exclude 
or oppugn any other fyflem^ becaufe as the 
works of God arc truly great, and fufficiently 
manifeft their excellence and magnificence in any 
fyftem ; fo i was willing to Ihew the fame in fuch 
fyftems as I had occafion to fpeak of them ; 
becaufe I would not offend, and confequent- 
ly not bar the force of my arguments upon 

fuch 
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^ fuch readers, as might happen to be wedded to 
the Ariftotelian principles, or prejudiced to the 
Ptolemaic, or any other fyftem : nor that I had 
myfelf any doubts about this new fyftem, but 
think it to be far the more rational and probable 
of any, for thefe reafons : 

I. Becaufe it is far the moft magnificent of 
any; and worthy of an infinite Creator: whofe 
power and wifdom as they are without bounds 
and meafure, fo may in all probability exert 
themfelves in the creation of many fyftems, as 
well as one. And as myriads of fyftems are 
more for the glory of God, and more demon* 
Urate his attributes than one, fo it is no lefs pro^ 
bable than poffible, there may be many befides 
this which we have the privilege of living in. 
But it is very highly probable the matter is fo, 
by reafon 

'2. We fee it really fo, as far as it is poffible it 
can be difcerned by us, at fuch immenfe dif* 
tances as thofe fyftems of the fixt ftars are from 
us. Our glafles are indeed too weak fo to reach 
thofe fyftems, as to give us any aflurance of our 
feeing the planets themfelves, that encompafs 
any of the fixt ftars. We cannot fay we fee them 
aftually moving round their rcfpc&ive funs or 

ftars. 
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ftars* But this we can difcern, viz. That the 
fixt Itars have the mature of fuos^ as I have made 
probable in Book ii. Chap. 2. As alfo that there 
are fome things very like unto planets^ which 
Sometimes appear and difappear in the regions of* 
the fixt ftars ; as I have (hewn in n)y difcourfc of 
View flars^ Book ii, Qh^p. 3« 

But befides what 1 have faid there^ J have this 
farther to add from fome late obfervations I have 
made £nce my writing that part of t^y book ; 
and that isj that the Galaxy being well known 
to be the. fertile place of new ftars^ the region 
ip whioh they commonly ^ppear^ I am much in? 
clined to be of opinion^ that the whitenefs there 
is ^ot caufed by the b^ure light of the great num* 
ber of fi^t fiars in that place^ as hath commonly 
|>een thought^ bat partly by their light, and 
partly (if not chieQy) by the refledions of their 
planets; wluch ftop and refled, intermix and 
blend the light of their refpe&ive ftars or fun^ 
and fo caufe that whitenefs the Galaxy prefents us 
*with ; which hath rather the colour of the re«> 
flefted light of our moon, than the primary 
light of our fun. 

And that there are planets enough for this 
purpofe, I fufped, becaufe I have fome reafons 
to imagine that there are many more new ftars in 

the 
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the milky way (all which I take to be a kind of 
planetary globes) than have ever yet been taken 
notice of^ and that many of thofe prodigious 
numbers of telefcopial ftars vifible there^ are of 
the numbers of new ftars or planets, and not of 
fixt ftars only. This fufpicion I have for fome 
time had, but efpecially lately from my views of 
the new ftar that now begins to difappear in the 
Swan's neck. Which gave me occa^on to infpe6t 
fome other parts of that conftellation, moft parts 
of which are well repleniflied with a numerous 
train of fmall ftars, Amongft which, fome- 
times methought more have prefented tfaem- 
felves through one and the fame glafs ; and f ome- 
times I have miffed fome I thought I before 
faw ; and fometimes $ilfo methought I have feen 
them nearer too, and fometimes farther off thofe 
ftars that did conftantly prefent themfelves. 
But as thefe things are to myfelf novel, and 
what I confefs I have rather fufpicions of, than 
certainty, I fliall refer them to the future obfer« 
vations of myfelf and others, for their confirma- 
tion ; efpecially, becaufe thofe approximations 
and receffes of fome of the little ftars I fpoke 
of, fuit not with the obfervations of fome very 
pminent aftronomers* 

Thefe 
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Thefe obfervations, as they will open to us 1 
oew, and admirable fcene of the heavens^ (^f it 
i^e as I imagine) fo I earneftly recpmmended the 
enquiry iQtoit to fuch as delight in thofe matters. 
For the dping of which^ I conceive it may be 
fiafficient^ and tlie e^ft courfe to make the ob-? 
fervations in ij^me one part of the xnilky-way^ as 
ia fpme part of the Swaq i as much qv a Itttjp 
more than falleth ^ithin the cpmp^fs of the 
jt^lefcope you m^k^ ufe of^ which was thp way I 
pra&ifed^ in that part of tl^e heayens in which | 
obferved, All the ilar; that fall within this 
^reai an exa£b map mull be taken of» which will 
flxew when any yariaition; happen^ And for takT 
ing in .the larger area of the heayens, a g)af$ of 
fix or eigh^ feet is fufRcient^ and rather better for 
t}ie purpofe than longer glafles^ which take iq 
lefS| and are mofe t|-ou];>lef9me iq ufing. 

• 

Haying thus reprefented the ftate of the vknU. 
Verfe according to the new fyltem of it^ the 
ufual queftion i$^ what is the ufe of fp many 
planets as we fee about the fun, and fo many as. 
are imagined ):p be abopt th^ fixt ftars. To 
which the anfwer is, that they are worlds, or 
places of habitation ; which is concluded from 
their being habitable, and well provided for ha- 
Citation* Th;s is pretty mani^eft in our folar 

pla|iet9| 
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planets, from their being opake bodies as our 
earth is ; confifting in all probability of land and 
waters, hills, and valleys, having atmofpheres 
about them, moons miniftering unto them, and 
being enlightened, warmed, and influenced by 
the fun, whofo yearly vifits they receive for fea- 
fons, and frequent returns for days and- nights. 
All which particulars are fully treated of in the 
following book^ and need not therefore to be an- 
ticipated here. Only there is one thing, which, 
for want of fufficient obfervations, I could not fo 
fully fpeak of as I would ; and chat is concern* 
ing the feas in the moon, in book v. chap. 4. 
whofe very exiftence Mr. Huygens % denies, fay* 
ing, Murium veKo fimilitudinem illic nuUam reperio^ 
&c* u e. ^' In the moon I find no likenefs of 
feas,'' although Kepler and moil others are of a 
different opinion. For thofe vaft plane regions, 
which are much darker than the mountainous 
parts, and are commonly taken for feas, and 
bear the names of oceans ; in thofe very placea 
viewed with a long telefcope, I find little round 
cavities with fhadows falling within them ; which 
cannot agree with the furface of the fea ; as alfo 
thofe very large fields, when carefully viewed, 
do not prefent us with a fuperficies altogether 
equal. Wherefore thefe cannot be feas, but are 
fuch places as confift of a lefs bright i^attek* 

> Cofmotheorof. p. 114. 
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than that whicih is in the hilly parts, but in which 
alio there are fome places brighter than others." 
Thus the moft ingenious. Mn Huygens,, who 
then proceeds to fhew that there are neither 
rivers^ clouds, air, or vapours. 

Bult that there are feas, or great colledHoos of 
water, and confequently rivers, clouds, air, and 
vapours in the moon, I (hall make out from 
fome of my own views and obfervaMns } many 
of which were made with Mr* Hoygens's own 
long glafs before mentioned : throi^h which, 
and aril other ' long glaiTes, infteadof imagining 
the lunar fpots to be unlike feas, I Have always 
thought them to look more like iibas^ thaft 
through fliort glafles. 

It b trup indeed that in thofe fpots we take to 
he the fcas, %kere are fuch cavities as Mr* 
Huygens fpeak of, or rather noountains with 
fliaded cavities in them, as alio fome pares Idts 
darK than others. Thus in the footberly pa? ts of 
the Lunar Eoxineand Mediterranean, in the 
Sinus Strboni$> the Egyptian, and divert other 
feas, there are fever al fuch purts that appear mor« 
kuxaskous than others, fome having the appear^ 
ance of rocks and iflands, . fome of large ihaU 
Jbws7 particularly towards the flxores, and ef- 

VoL. IL O pccially 
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peeially in the feas bordering on the continent^^ 
fuch as the great fouthern continent of the Lunar 
.£gypt and Palasftine. But this is no conclufive 
argument of thofe parts not being feas ; becaufe 
they may be feas having many iflands and ihal* 
lows in them. But then in other parts, and even 
in fome parts of thefe laft named^ the fpots ap- 
pear darker^ and with but few of thofe emin- 
encies or iflands^ thofe brighter or ihallow parts. 
Thus the northerly Euxine and Mediterranean, 
the Palus Ma^otis, and many other of thofe 
lunar feas ; few of thofe parts that have the af- 
ped of iflands or fhallows are to be difcemed in 
them, only one here, and another there, at ccm« 
£derable diftances from one another. 

And in this vefy manner I. doubt not our 
terraqueous globe would appear, if viewed at the 
moon, or at fome miles aloft. We fliould thertf 
perceive our deep oceans would be of a darker 
colour, iike the darker fpots of the moon ; and 
the fingle ifles of St. Helena and Afcenfion, and 
the more numerous ones of Ladrones, Canaries, 
Azores, &c. to have the fame appearance that 
the few fcattered iflands have in the deeper lupar 
feas : and our fliallow feas with the numerous 
rocks and iflands difperfed about them, efpeciaU 



iy towards the continents^ would look as thofe in 
the moon do; 

That a teadfer uilatquiinted with th<J geqrgra- 
phy of the moon, may apprehend what I have 
faid herb and elfewhere^ concerning the parts add 
appearances of the moon, I have feprefented 
them in Fig; loa and 1 1. In Figi lO. the face of 
the full moon is reprefented, its bright and dark 
parts with moft of the names given them by 
Hevelius, whofe Lunar Geography is jtiftly the 
moft foUdwed; In Fig. ii; I have repreferited 
the appearance of the moon's edge on this laft 
Nov; 4^ 1714^ food after the quadrature, for 
the explication of what is faid concerning the 
evennefs of the furface of the lunar fpots in 
book V. chdp; 4; It may be ther« obfef ved^ that 
the furfaccs of all the fcas appear ftrait and level, 
only the top of her^ and there a roclc or ifland 
prefents itfelf at a fmall diftance. Thus the fur^ 
face of the Hyperborean fea between a and b ap- 
pears even and levels although through a tele- 
Icope that fea looks but like d great lake or 
hiarfli; So do the parts of the Meditefrranean 
ibdut J, {ifbm by to s^ excdpit when they ate in- 
terrupted by rodks or lahdj as they are at i, ^, ^, 
Undc. At the laft bf whith places, begins a 
ridge of hills encompaffing the northern part of 
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the Mediterranean^ wbich maj(;es a pretty Ihcw In. 
the tclefcope. 

And now coniidering how accompliihed the 
iDOon^ and all the other planets are for habita-* 
tion, bow folemn an apparatus is in theox 
lor this fcrvice; and coniidering alfo that 
thefe accoutrements relatQ to their refpedivQ 
planets only^ and in all probabili(;y are of Uttle 
or no ufe to our earth ; with great reafon there- 
fore the maintainers of the new fyftem conclude 
thofe planets, yea all the planets of the fun and 
of. the fixt fiars alfo, to be habitable worlds ; 
places, as accommodated for habitation, fo 
flocked with proper inhabitants* 

» » 

But now the jjext queftion coipmonly put i^. 
What creatures are they inhabited with ? But 
this is a difficulty not to be refolyed without a 
revelation, or far better inftruments than the 
world, hath hitherto been acquainted \yith« But 
if the reader Ibould have a tn.ind to amiiie hin^- 
felf with probaljle gueflfes about the fi|rniture of 
the planets of our folar fyftem, whs^ countries 
it is probable are there, what ve^etaHes are pro- 
duced , what minerals and metals, are aifprded> 
what animals live there, what parts, faculties, 
anE, endowments they^ haviP^ wit^^mji^qhipore to 

the 



A PLURALITY OF WORLDS. AIJ 

the fame purpofe ; he may find a pleafant enter** 
tainment enough in the great Mr. Chriftian 
Huygens's Cofraotheoros, and fome other au- 
thors that, have written on the fubjedt. To, 
which I fliall refer him, rather than give either 
him or myfelf any farther trouble about thefc 
matters, which are merely conjedtural. 

Thus having, for the fake of the unfkilful 
reader, given an account of the three fyftems 
principally concerned in the following book, and 
having alfo, for the fake of the doubting reader, 
infilled more largely than ordinary upon the two 
lail of thofe fyftems, little remaineth for the 
putting an end to this long preface, but to make 
my excufe (if it needs any) for afligning the dia- 
meters and diftances of the heavenly bodies in 
Englifh miles, rather than other larger meafures, 
which would perhaps have come nearer the truth. 
But this was alfo for the fake of fuch as are not 
very converfant in aftronomical matters and 
dimenfions : who can better underftand you, 
when you fay, it is fo many miles, than fo many 
degrees, minutes, or feconds, or femidiameters 
of the earth, or the other planets. 

And now for a conclufion, I Ihall only intreat 
dU tny readers to join with me in their earneft 

,3 prayers. 
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prayers, that as this work is dcfigncd for the 
good of mankind, particularly for the convic^ 
tion of infidels and irreligious, for the pro- 
motion of the fear and honour of God, and 
the cultivating of true religion, fo it may have 
its dcfired cfFedt. 



W. Perh^m, 
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SURVEY 



OF THE 



HEAVENS. 



INTRODUCTION. 

npHE pfalmift faith, ^ <* The heavens declare 
•*- ^* the glory of God ; and the firmament 
" fliewcth/' publickly declareth, telleth forth^ 
or preacheth his handy work, as the Hebrew 
word fignifies: 'that ** day unto day utteretk 
^^ fpeech, and night unto night, iheweth, or 
tells forth, knowledge/* Which language of 



€t 



^ Pfalm six. i, i, 3, 

' ^JD fignificat aliquid verbis eSiem, coram Bttntiare, anttua'* 
ciare, Conrad. Kircher. Concord. «ol. 2;6. vol. ii. ItitderiTeA 
from ^ Corao^, Ante. 
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the heavens is fo plain^ and their charaders fo 
legible^ that all, even the molt barbarous 
nations^ that have no (kill either in languages or 
letters^ are able to untJerftand and read what 
they proclaim. ** There is no fpeech nor 
*' langiiflge where their voice is not heard : theii* 
^* line is gone out through all the earthy and 
^' their words to the epd of the world. 

That this obfervation of the pfalmift is agreer 
abie to e^tperiencev is maiiifeft from the deduc«* 
tions which all nations have made from God'si 
works, partirnlirl)tAef» fcbafc of the heavens i 
namely, that there is a God ; and that fuch as 
have ^etjiepdrd torytkeifmj and hftve deduced 
God's works from chance, &cc. are Angular and 
soojf ftn9ys in th^ir opiniotis. Thus faith iBliani ^ 
« TThere neyer was aqy barbarian that contemn- 
** cd t|)e Deit^', nor called ip queftion whether 
*5 thcrp be any gods or noi or whether they 
ft t^]^ care of hum?p affairs ; No man, neither 
^^ .Indian, nor Celt, nor Egyptian, ever entertainr 
^ ed any fuch thought as Eumerus the MeiTenian^ 
^* or Dionyfius the Phrygian,* or Hippo, or 
^' Diagoras, or Socias, or EpicuruSt" So one of 
Plato's arguments for the proof of a Godj is * 



^ Dc var. Hift. 1 ii. c. 31* 
I De Lcgibusy 1. z. 
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^^ The unftQimous confdit of ail, ho(h Oreekf 
^* and Barbarians, who cofifefs theit are gods/* 
And Plutarch, ^ agreeabk to what cm pfalmllt 
affirms^ telb us whence they cpileAed thii kniW^ 
ledge of a Deity. *^ Men," faith he, " begail 
^* tQ acknowledge a God, when they fai^thc 
^^ ftars maintain fo great a harmony, and the days 
^^ and nights through all the year^ both m ftiln^ 
^^ nier and winter, to obferve their ftated rifings 
^^ and fettings." And to pafs over a great deal 
of this kind, that I could cite from divers hea* 
fhen authors^ *^ What," faith the Stoic in 
Tully, ^ ^^ can be fo plain and fo clear, ad when 
^ we bel^old the heavens, and view the heaven- 
^^ ly bodies, that we Ikould concl>ude th^e ii 
*^ fome deity of a moft excellent mind, hf whicii 
^* thefe things are governed ? — a prefent and Al- 
^^ mighty GodT, Which he that doubt$ of, I^do 
^^ not underiland, faith he, why he ihould not 
^^ as well doubt whether there be a fun or not 
f^ thatlhines/' And then he goes on to prove 
that this can be no idle fancy depending on the 
caprice of man ; but a well grounded, fubftanrial 

^ Dfi placit. Philpf. 1. i ^. 6, 

1* Qjiid eoim poteA eife tarn apcrtum, taroque perfpicnuiD| cum 
^«lum fufpeximuii &c* PeTNat. Dcor. 1. ii. c. i, 

opinipn. 
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opinion^ bearing the tad of ages^ and confirmed 
by the length of time. " For/' faith he, *' time 
<^ wears out the figments of opinions, but con-r 
^^ firms the judgments of nature ; or fuch notions 
as are grounded upon the true judgment and 
nature of things. For which reafon, faith he^ 
^^ both among ourfelves, and in other nations^ 
^' the veneration of th^ gods, and the facred- 
** nefs of religion, augment and improve every 
** day more and more.-* 

Thus ^^ the heaverts declare the glory of God," 
even to the heathen world ; fo manifeftly are 
they the handy-work of God. And that they are 
his work, will appear by taking a view of thefe 
&ven p^ticulars, 

1. The magnitude of the heavens. 

2. The great number of the heavenly bodies^ 

3. Their diftances. 

4. Their motions^ 

5. Their figures. 

6. Their gravity. 

7. Their light and heat, and the admirable 
provifions made for thofe benefits^ 
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BOOK I. 



P P THE 



MAGNITUDE 



OF THE 



UNIVERSE, 

A N O T H 1^ 

BODIES THEREIN C0NTAINEI>| 



C H A P. I, 

THE ANCIENT AND MODBRN RECKONINGS 

COMPARE!), 

15 EFORE the invention of the telefcope, the 
^^ univerfe was thought to be confined within 
far more narrow bounds than it is fince found to 
be^ the fixt flars being imagined to be all placed 
in the ilarry heavens (which they called th^ 
firmament) at equal difiances from the earth 
(the centre) like fo many golden nails driven in 
the top of fome arched roof^ or other circular 

concave. 
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concave, cncompaffing our eye. Thefe, al- 
though far more narrow bounds, and a more 
fcanty reckoning than it ihould ht, yet was fuf- 
ficient to fhew who was the maker of fuch a flu- 
pendous arch, and fb noble it train as is contain- 
ed therein* 

But according to. the modern reckoning (which 
is far the moft rational, and grounded upon bet- 
ter phenomena) we fliall find this branch of the 
creation far more magnificent, and worthy of its 
infinite Creator, than thofe former computations 
ndade it. 

And how gnrmt ttid m\i gq Hicc nt a ftru&unf' 
the heavens are, will appear by a diftinA con- 
fideration of th^ magnitude of the heavenly 
bodies themfelves ; and of the fpacc in which 
thiyalrc. 
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A LTHOUGH we are not able to give a qer- 
"'^ tain determination of the magnitude of the 
heavenly bodies by reafon of their vaft diftanceSj 
yet enough We know, and are fure of, concern- 
ing their immenfe magnitudes, to convince any 
one that they are the works of God, But txt 
come to particulars. 

The meafurfe by which we ufiially gage and 
compare- the heavenly bodies, is our terraqueous 
globe ; of whofe dimeniions ^and bulk we can 
xfvijffi, a BKWy gppd eftimate, buying, tplerajbljj 
goodiaosd accuraJDe obfervations^ Iea4in9 U3itl}4ece* 
to: the particulars of which I have had* occafioa 
clftwhere to fpecify ^. 

By 

* * Phyfico-Theol. B. it. c ^. Ta which place I have iiuule.ule 
of Mr, Picart'f ineafore of the earth. But notwithftaoding the 
dtference be but fmall, ▼is. a little above 3 a milct io the whole 
daamcter of our globe, yet I ihjJl*inake uie h^re of our Mr. Nor-* 

wood's 
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By thefe obfervations it appears that the dia- 
meter of this our globe is above 79 hundred 
miles ; that confequently its furface is a good deal 
above 199 millions of miles^ and its folid con-^ 
tent or bulk near 265 thoufand millions of miles. 
If therefore we Ihould go no farther from home 
than our own globe^ ^ mafii we here have wor- 
thy of an infinite Creator^ a work proclaiming 
that great Being that made it. 

But as vafi: a body as this feems to be^ it is 
much lefs than many^ yea mod of the heavenly 
bodies that are vifible te us ; except two or thr^e 
of the pl^pets^ which feem to be lefs than our 
globe ; namely Mars^ whofe diameter is reckon- 
ed to be but 4875 Englilh miles^ and the Moob'^ 
whofe diameter is but 2175 miles ; and Mercury^ 
whofe diameter is 2748 miles : f but yet thefe 

▼aft 

* 

fSvood't and Monf. Caffini's ibeafures', becau(e they agiibe t6 afmofi d 
tketjf and Mr. Caffiai't were made (by the king'i command) at 
greater difianoesy with the greateft accumcy. And according to' 
theft m^ttre^> the diameter of the earth is 79677 Engliih miles, itr 
furlice 199444101 mitas^ and its folid content 264S^6oobb6a miles;?. 

9 The number of miles, which 1 have here and all alonjg aAgn« 
ad to the diameters of the feveial planets, irt the ihean nmnbera 
between Mt; Fiamftecd's in Mr. Whifton's Aftronomical Ledures* 
and Mr. Haygens's in his Syft. Saturn, and Cofrtotheor. which (aa 
Mr. Whifion &xA fvggeftcd to me) feems to be neareft the trtttfa'*' 
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Vdft and amazing bodies too ! But for the rdft^ 
there is good reafon to imagine their bulk ex-* 
ceeds that of our terraqueous globe« Thus the 
two fuperior planets by far exceed us; Saturn 
being computed at 93451 miles in diameter, and 
confequently at 427318300QOO000 miles in its 
bulk; and Jupiter at 120653 miles in diameter, 
and 9200 1 1 200000000 miles in bulk* But yet 
as amazing mafles as thefe all are, yet they aie 
all far outdone by that (tupendous globe of fire, 
the fun ; whtch as it is the fountain of light and 
heat to all the planets abcmt it, affording them 
by his benign rays, and kindly influence the 
great pleafures and comforts of life ; fo doth it 
as far furpafs them in its bulk ; its apparent dia« 
meter being computed at 822148 Engliih miles, 
and its folid content at 29097 loooooooooooo 
miles, fuppofing the face we fee of the fun to be. 
its true and real globe. 

For whereas the rays -of light, when intercepted by the edge of a 
knife or other body, are (ai Sir Ifaac Newton obferves in bis Phncip. 
]*. i. prop. 96.) are fomewhat bent, as if attra£^ed from aftraight line 
by that body ; and whereas Mu Flamfteed's meafiires were takea 
with a micrometer that ptnches or dafps the oppofite edges of a 
planet which would tncurvate the rays one way ^ and Mr.Huygens't 
were taken with the interpofition of a thin upering plate covering 
the planet as far as the extremity of its face, which would caufe aa 
i&curvatiott of the rays the contrary way ; therefore Mr. Flamfteed'a 
meafures are as much too little, as Mr. Huygens's are too large, and 
#an{equemly the mean between them probably neareft the truth. 

Thus 
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. Thus ftupendous are the magaltudes of the 
globes of this our folar fyftem : but tbefe are 
not ally nor perhaps the moft con6derable bodies 
of die i^uTerie. For the fixt ftars^ although in 
^Lppearance but fa many golden or flaming fpots^ 
yet are^ with great probability, fuppofed to b« 
(b nuiny funs, furrounded with their refpeftive 
fyfiems of planets, as our fun is, and no lefs in 
magnitude, if not greater, (fome of them at 
^ft) than our fun is, but only diminiihed in 
appeavfmce by their prodigious diiliaaces from us. 

If now we reflect upon the prodigious fnafics 
of tbofe maiy heavenly bodies that prefent themr* 
ielves to our view, and many more I fiiall ihew 
are unfcen ; what a furprizing fcene do the kea-- 
vena a&rd us of the great Creator's power ! A 
train of fuck immenfe bodies, that what . }ef9 
than an Almighty hand could firft find matter fuf- 
ficient for, and then compofc, fuch magnificent 
works, ^ But yet wh^it is the magnitude of all 
tbefe bodies to that inxmexife fpace in whiqh they 
aM } Wtuch is tdie next thm§ to be confidered. 
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CHAP. lU- 



Of the immensity op ths heavens* 

YT IS ft^ceftary thlt 1 Ihould give a diftindl con- 
fideration to the immenfe fpace poffeft by the 
heavenly bodies, becaufeit.Wasonce imagined to 
be limited by the narrower bounds of the Ptolemaic 
fyftem, by that which they called the '^^^^sp 
the ftarry concimeration, or firmament of the 
fixt ftars, as I have before intimated ; but now 
with far greater probability and reafon it is ex- 
tended to an indefirtitely larger fpace, a fpacc 
. fufEcient without all doubt to Contain all the 
noble vaj*iety of fyftems therein ; not only our 
own of the Sun, but all thofe others I mentioned 
of the fixt ftars alfo. But for the better proof, 
and movt eafy apptehetifion of the magnitude of 
this vaft expanded fpace, let it be confidered. 

I. That fome, if not every One of thofe vaft 
globes of the univerfe, hath a motion. This is, 
in fome, manifeft to our fight, and may eafily be 

roL II P concluded 
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concludod of all, from the conflant iimilitiJde 
and confent that the work» of nature have with 
one another. But in what manner thefe motions 
are performed, whether by the motion of the 
heavenly bodies round the Earth, or by the Earth 
round its own axis, or any other way, it matters 
pot much how to enquire. 

2. It is manifefi that the Earth is fet at fuch a due 
diftancc from the heavenly bodies, and the heavenly 
bodies, at fuch a due diftance from one another, as 
tointerfere,claih with,ordiforderone another; nay, 
fo great is their diftance, fo convenient their fitua- 
tion, that they do not fo much as eclifpe one an- 
other, except fuch planets as are called fecondary« 

3. It is farther manifeft alfo, that thofe vaft 
bodies are fo far off, as to appear extremely fmall 
to our eye, confidering their prodigious i^g- 
Aitudes. 



Now for the efie&ing of this, or any of the 
other matters, it is neceflary that there be a 
fufficient fpace. And tbat there is fuch, and 
what that fpace is, we may make a judgment of^ 
by confidering particulars according to thebeft 
obfervations we have of thefe things. 

And 
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And to begin neafeft home ; the neare^ of tkc 
lieavenly bodies to us is the Moon^ whdfe orb if 
the leaft of any of the celeftial globes^ but yet 
flie takes up a fpace of neat 480 thoufadd Englift 
miles in breadth , to perform her monthly rc^ 
Volution id4 And tis for the Earthy if with the 
moderns we fuppofe it^ together with its fatellite 
theMoon, to revolve round the Suii j or^ whieh 
amounts to the fame things if the Sun revolved 
round the Earthy this Magnus Orbis^ as it ii 
ufually called^ is a fpace of above 540 millions of^ 
miles in circigiiference 'i or 172 millions of milesf 
breadth* And if to that we add the increment 
caufed by the fweep of the Mqod^ or the excur&m 

of 

4 The Moon's itieatt diftance from the £arth> according to Sic 

Jiaac Newton's Princip. p. 430, i) 6o{ femidiaroetert of the Eanb^ 

according to which the diameter of the Moon's orbit it 479905 

jSnglilh Miles4 

' Concerning the difUnce between the Sun and the Eirth, thecii 
is a great difagreement between the former and the latter aftronomer $g 
occaHoned by the difagrcement between their obferVations of th^ 
Son's horiionul parallax (which is iquai to the Earth's femidiameter 
viewed at the Sun). Tycbo making it three minutes, Kepler bus 
one, Bullialdus a minutes at feconds, and Ricpioli hv$ 18 focoDds. 
Conrequently the diiUnces arliingfrom hence are left thjm thofe of 
the latter aftronomers. The very ingenious and accurate Monf* d« 
La Birf, in bk Tabul. Aftroa^ thinks the Sun's boriaontil parallax 

P a 
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of her orb beyond the magnus orbiSf we fliall have 
a fpace yer broader by near 280 thoufand miles. 
But as vaft a fpace as this feems to be^ yet it is 
not fuch as to caufe either the Earth or Moon to 
clafh with any of the other celellral globes, as I 
have faid ; nay, fo far from that, that not fo 
much as their Ihade approaches any of them. In 
* which cafe, what ample orbs mull the three fu- 
perior planets have; what a fpace is neceflary 
for them and their more numerous moons to 

to be not above 6 fecondsy and his^ diftance therefore to be 34377 
femidiameters of the Earth, or 136952807 Englilh miles. But 
although his ubfervations were made (ince, yet I (hall make ufe of 
MooC Cafltfii's number, bemg deduced from very ingenions and 
accurate obfervations of the parallax of Mars, and agreeing nearly 
W\\\i the determination of two great men, Mr. Flamfteed and Mr. 
* Huygcns, and I may add Dr. Halley too, who make it about 10 or 
1 2006 diameters of the Earth. That great aftronomer (Monf. 
Cailini 1 mean) alTigns a number between them in his Let Elemens 
de L'Aftron. § 37. ** That the Sun'^s parallax being fuppofed to 
be 9i feconds, gives the diAanceof the Sun fromthe Earth 21600 
femidiameters of the Earth: which are equal to 86051398 Englifh 
miles . And imagining the magnus orbh to be a circle ( as it is in- 
deed an elltpiis not much differing from a ckclc, the double of that 
number is the length of its diameter^ viz. 172x02795 Engliih 
miles. 

Thefc numbers are different from thofe I hare afligned in my 
Phyfico-Theol. Br I. Ch- 4- note 5. from a roiHake at that 
time' • 

perform 
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perform their much larger courfes in? And 
accordingly fuch fpaces, they and the reft of 
the planets are all found to have : Saturn an orb 
of 1641526386 Englilh miles diameter ; Jupiter 
an orb of 895134000 miles ; Mars of 26228x910 
miles ; Venus of 1 24487 1 14 miles ; and Mercury 
an orb of 6662 1 000 Englilh miles ' : all of them 
fpaces fo accurately laid out, and diftances fo 
duly proportioned to their revolutions about the 
Sun, that abundantly mariifefl infinite, wifdom to 
have been concerned in their appointment, as I 
intend to Ihew in a proper place, 

« 

' But now after this acc6unt of this fo pro-* 
digious a fpace as that of our folar fyftem is, 
what is it to the nearly infinite cxpanfum occupi- 
ed by the reft of the heavenly bodies ! Of which. 
we may have a faint adumbration by confidering 
the diftances, which, with the greateft probabi* 
lity of obfervation and reafon, are afligned to the 
fixt ftars. In order to the making an efiin\ate of 
which matter, let it be fuppofed (which is ufu- 
ally allowed) that the fixt ftars are fo many Suns ^ 

' Theft numbers are deduced from the diftance between the Sun 
and Earth afligned in the preceding note, and Sir Ifaac Newton's 
diftances of the planets from the Sun computed from their periods in 
his Principia, L. iii. Ph»iom 4. and are, as I humbly conceive • 
ipOfh more accurate than other calculations that I have met with. 

P 7 that 
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that they arc of the fame, or nearly the fame 
magnitude as our Sun is ; and that the diiFerencc 
of their magnitudes arifeth from the difference 
of their diftancesj if fo, then it will follow. 
That the fixt ftars are each of them as much 
farther from us than the Sun, as their apparent 
diameters are lefs than that of the Sun K And 
forafmuch as few of them a^)pear otherwife than 
as points even through our beft telefcopes, there- 
fore how prodigioufly farther muft they needs 
be from us than the Sun is, to caufe their appear- 
ance to be fo very much Icfs than the Sun ? For 
an example, let us take one of the fixt ilars fup- 
pofed to be neareft to us, as being the brighteit 
andlargeft, namely Syrius. Now. this, by ac- 
curate obfervations" , hath been found to be in 
appearance 27664 times lefs than the Sun; and 
confequently, by the foregoing rule, it is fo 
many times farther off than the Sun is, which 
will amount to above two millions of millions of 
Englilh miles. And if fo, what an immenfur- 
able fpace is the firmament; wherein a great 
number of ftars lefler and leffer, and confequent- 

'* Compare the fagacious Dr. David Oregory*i demonfiracioii of 
thi' in his Adron. L. iii. Prop 56, 60, and 6i. 

V Ste Mr* Huygeni in Cofmotheor. p. 1372 
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ly (according to the foregoing fuppofitlon) far- 
ther and farther off, are feen with our naked eya 
and many more difcovered with our glafles^ 
and dill many more and more with better glafles 
% in all probability many others that efcape the 
reach of our utmoft art to defcry : which may 
confequently be as far diftant from thofe we fee^ 
as thofe are from us. 

^^In viewing the planete with my longer glaifet, e(pecially tht 
planets of a weaker light, it often falls out that divers of the fistftaiay 
and forae of them very fmall, prefent tbemfelves at the iame rttnft 
within the glafs, notwithftanding its area' is not fufficient to contaift 
both Jupiter» and his moft diftant iatellites. By which it uimim it it 
fometiroes difficult to diftinguifh between thofe fixt fian» and lYm 
fatellitesof the planets. Thus I have fbmetimet been ready to fimcf 
that I faw one or more fatellttes, near Mars, until by future oWerv^ 
atjons I perceived they were only fome of the telefcopic fixed ftan 
ly'mg in the way of Mars. So about 9atum,tl have often ^difcemed 
the likcnefs of many fatellites, but I am not fare t ever (aw above 
three. From whence it is manifeft, that in all parts of the Heavent, 
there are many ftars which prefent themfelves to our eye through 
aur long glafTes, that are othenvife iavifibia to us • 
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JPRACTICAL DEDUCTIONS FROM, AND REFLECTIGN5 
UPON THE MAGNITUDIS OF THE HEAVENS. 

TTAVING fet forth the prodigious magnitude 
•*■ of the heavenly fpace^ and of the bodies, 
therein contained, before we proceed farther, let 
us pauf(? a little to confider what influence thcfc 
things ought to have upon us« 

And, in fliort, who can behold the regions 
^bove, and confider the things therein contained,i 
and at the fame time not own them to '^ declare 
" the glory 6f God ?" Who can view that im- 
menfurable firmament in which thofe bodies are, 
and not acknowledge his handy-work ? We ad- 
mire, asjuftly we may,the vaft bulk of this our 
own globe ; but when we confider how much it is 
furpaflfed by mod of the heavenly bodies^ what 
a point it degenerates into, and- how very little 
more even it, and what we call its great orb to- 
gether alfo, are, when feen from the heavens^ 

thia 
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this gives us a juft and noble idea o£ the mfinite 
Creator's works, fuch as is worthy of God, and fuch 
as may make us flight, not overvalue this little 
heap on which we dwell, and caufe our thoughts 
and defires to foar among the heavenly glories. 
But for an application of thefe confiderations, let 
us hear Seneca^s refleftions upon the matter^ ^ 
who 'on this account recommends virtue, not 
purely ^^ becaufe it is a noble thing in its own 
nature, and a great blefiing to be free from 
evil, but alfo becaufe it enlargeth the mind, and 
prepares it for the knowledge of heavenly things^ 
and makes it fit to aflbciate with God. * — " Then 
faith he^ the mind hath the confummate and full 
good of our human ftate, when having conquered 
all eVil^ it foars aloft, and wandering among the 
ilars above, it is able to deride the (lately firuc- 
tures of the wealthy, and all their riches, — Nei«- 
ther, faith he, can it contemn the porches and 
roofs fliining with ivory, the clipped groves^ and 
the pleafant dreams conveyed to their houfes^ 
until it hath wandered throughout the world, and 
from above; looking down upon this little globe^ 
covered in a great meafure by the fea, and whe^e 

^ Nat. Qgaeft. L. i. Pratfat. 

* Qui in confortium DEI reniat, 

not 



»34 «MECA*$ Tl«PLECTX©NS 0«f THK HEAVEK6, 

not {o, ilovenly^ and either burnt up in one part^ 
or fro2^n in the other ; it then faith to itfelf, is 
this . that little point that is divided among fo 
many nations by fire and fword ? O how ridicul- 
ous are the bounds of mortals, when this river 
divides this nation, that mountain ' boundeth an- 
other, and that defart another ? For as for this 
world, faith he, it is a point in which ye fail, in 
which ye war, in which ye difpofe of kingdoms. 
But above, are vail fpaces into the pofleffioQ- 
whereof the mind is admitted, on condition it 
hath brought but little of the body along with 
it, that it hath oleanfed itfelf from evdry filthy 
thing, and being difengaged from the world, 
hath made itfelf illuftrious, by being expediti- 
ous and light, and content with little things. 
When fuch a mind, faith he, hath touched thofe 
celeilial regions, it is then nouriihed and grows ; 
and, as if delivered from its bonds, it returns to 
its original ftate. And this argument it hath of 
its divinity, that it delights in divine matters^ 
and is converfant with them, not as things 
ftrange, but its own. There it fecurely beholds 
the rifing aiid fetting ftars, their different courfes, 
&c. There this curious fpcftator difcuffes every 
thing, and fearches out every thing. And tn« 
deed what ihould it do but pry into thofe matv 

ters^ 
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ters, fince he knows they belong to hitnfelf* 
Then he contemns the narrow bounds of his 
habitation in this world. — ^And here at laft he 
learns what he hath long enquired afper : therehc 
begins to know God. ^ 

f UlkinciprtDfiUMaoOc. 
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CHAP. I. 

A OEMERAL VIEW OF THE NUMBERS OF THS 

HEAVENLY BODIES, 

HAVING in the preceding hook given a de* 
monftration of God^ from the magnitude 
of the heavenly bodies, I fliall do the fame in 
this from their number ; a number fo great, that 
we cannot view and confider them without 
aftonifhment. Were there no more of them than 
the fun and the planets (both primary and fecond- 
ary) fuppofcd to move about him, there would 

be 
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be a number fuiEcient to manifefl an Almighty 
and wife Creator, But when we view the hea- 
vens, and fee ourfelves furrounded with fo pro- 
digious a number of illuiiriousi bodies, of vari- 
ous magnitudes : when we go to other parts of 
this our globe, from the northern, fuppofc, to 
the fouthern pole, and there difcover a great mul- 
titude of other ftars that were never feen in our 
hemifpherei when we perceive the heavens 
thick befet with them in every place : and when 
(as I already hinted), we view the heavens with 
our glaffes, ahd difcover many more than our 
naked eye could reach ; and when we again view 
them with better and better inftruments, and ftill 
difcover more and more of thofe ftarry globes; 
when particularly we furvey what they call the 
milky. way, and fee the prodigious number, I 
may almoft fay clutters ot ftars, that fill that 
region of the heavens, and caufe that remarkable 
whitenefs there: I fay, when we fee fuch pro- 
digious numbers of thofe heavenly bodies, which 
no art of man can number ; and when we far^ 
ther confider, that in all probability we do not 
fee the half, nay perchance not the thoufandth 
part of what the heavens do contain ; as we can- 
not but be ftruck with amazement at fucb a mulr 
titude of God's glorious works, fo we cannot but 
own the great Creator in them ; and we are wbrfe 
than men; if we do not give him his due praifes. 

CHAP. 
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CHAP. U. 



THAT THE FIXT STAltS ARE SUNS 2NCOMPASSE0 
WitH SYSTEMS O^ PLANETS* 

A LTHOUGH the number of the erratick and 
"^^ fixt heavenly bodies we fee, are fufficient 
to fet forth the exiilencej and praifes of tbeif 
great Creator, yet there is one thing more that 1 
< cannot eaiily pafs over (though it hath only high 
probabilities for it) becaufe it gives us a far 
more noble and agreeable idea of the creation, 
than the world was ever, that we know of, ac* 
quainted with before § and that is, (hat the beft 
and molt learned modern aflronomers do gene** 
rally fuppofe the great multitude of fixt ftars 
we fee, or imagine to be in the univerfe, to be 
fo many funs, and each of them encompafled 
with a fyftem of planets like our fun. 

And that the fixt flats are funs, or of much 
the fame nature as our fun, there is great reafoii 
to conclude. 

f • Becaufe 
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1. Becaufe they are bodies nd lefs imtnenfe (as 
I have faid) than the fun, but only diminiihed, 
in appearance^ by their prodigious diftancei 
from us. 

2. Becaufe they ihine by their own native 
light, not by any borrowed from the fnn. For 
fo great are their diftances from the fun^ and 
from us alfo, th&t it is not poffible their light 
ihould be received from the fun, and refleded to 
us^ as that of the moon and other planets isi 

And withal, fo brifk and vivid is their light, 
and fo very fmall their apparent diameters, when 
divefted of their glaring rays, and made to have 
their true appearance through our telefcopes, 
that no queftion is to be made, but that they 
fliine by their own Innate light, as our fun doth. 

And if the fixt ftars are fo many funs,^ertain'«' 
ly they minifter to fome grand ufes in the uni- 
verfe, far above what hath ufually been attribute 
ed unto them. And what more probable ufes, 
than to perform the office of fo many funs ? that 
is, to enlighten and warm as many fyftems of 
planets; after the manner our fun doth the 
erraticks encompaffing it. And that this is the 
nfe and office of the fixt ftars, is probable. 

6 I. Becaufe 
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1. Becaufe this is ^ far more probable and 
fuitable ufe for fo many funs^ fo many glorious 
bodies^ than to fay they were itaade only to en- 
lighten and influence our lefler^ and I may fay 
oUr inferior globe; which another moon or two, 
one or two of thofe Very funs fet nearer to us, 
would have better done, than all the whole train 
of heavenly bodies now doth. But inftead of 
this, many of them, nay, perhaps the greateft 
number of them, are at fuch immenfe diflances 
(as (hall be ihewn under the next head) that they 
are out of the reach of our naked eye. In which 
cafe, what ufe is it likely fuch great numbers of 
fuch immenfe^ unfeen, far diftant bodies can bo 
to our world, when there are fo many already of 
divers magnitudes of thofe that fall under view^ 
that (befides other much greater ufes they may 
ferve in the univerfc) do minifter to our help 
and comfort here upon earth in fupplying the 
abfence of the fun and moon by night ? 

2. From the parity, and conftant uniformity 
obfervable in all God's works, we have great 
reafon to conclude that every fixt (tar hath a 
fyftem of planets, as well as the fun. For it is 
certain that the fun is a fi:!ct ftar to the fixt ftars, 
as they are to the fun. And in this cafc^ if (as the 

juftly 
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juftly renowned Mr. Chriflian Hu^'gens dfgues) * 
^ we ihoulci imagine ourfelves to be placed fome^ 
where in the heavenly regions, as far from tfa« 
fan as from the fixe ftars^ we ihould then per- 
ceive fio d»&rence between the one or the other. 
For it would be very unlikely that we ihould fee 
any of the folar planets^ either by reafon of the 
diminiihing of their light, or becaufe their orbs 
would finlc into the fame lucid point with that of 
the fun. Being then (o placed, we fhould imsi* 
gine all thefeftars [both fun and fixt flars] to be 
much of the fame nature and kind ; and from a 
view, of any one of them nearer to us tban the 
left, we ihould make our judgment of them all. 
And now being, faith he, by the favour of God, 
admitted fo near one of them, namely the fun, as 
to fee fix leflcr globes revolving round about 
him, and other fecondary ones revolving round 
fome of therai ' why ought wc not to have the 
fame judgment of the reft of thofe funs, asof this, 
and think it altogether probable that this is not 
the only ftar of all the number that is encom- 
paffed with fuch a train, or in any refped excels 
the reft } neither alfo chat this ftar alone re- 
volves round its owtt axis, but rather that all the 
reft have fomewhat of the fame kind alfo.'* And 
fo that learned perfon goes on in the further pur-» 
fuit of his ingenious argumelit« 
Vol. II. Q^ 2* Befidea 

* Cofmodicorot, p» ia}« 
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3. Befides thofe flrong probabilities, we have 
this farther to recommend thofe imaginations to 
'us, that this account of the univerfe is far more 
magnificent, worthy of, and becoming the in- 
finite Creator, than any other of the narrower 
fchemes. For here we have the works of the 
creation, not confined to the more fcanty limits 
of the orb, or arch of the fixt ftars, or even the 
•larger fpace of the primum mobile^ which the 
ancients fancied were the utmoft bounds of the 
univerfe, but they are extended to a far larger, 
as well as more probable, even an indefinite 
fpace : as was fet forth in the firft book. Alfo 
in this profpedt of the creation, as the earth is 
difcarded from being the centre of the univerfe, 
fo neither do we make the ufes and offices of all 
the glorious bodies of the univerfe, to centre 
therein, nay^ in man alone, according to the old 
vulgar opinion, that ** all things were made for 
" man *." But in this our fcheme we have a far 
more extenfive, gfand, and noble view of God's 
works : a far greater number of them : not thofe 
alone that former ages faw, but multitudes of 
others that the telefcope hath difcovered fince ; 
and all thefe far more orderly placed throughout 
the heavens, and at more due and agreeable dif- 

■ See Phpfico-Theol. B. u«.c, 6. n. 3. 
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tances, and made to' ferve to much more noble 
and proper ends j for here wc have not one fyf- 
tem of fun and planets alone^ and one only 
habitable globe, but myriads of fyftems, and 
more of habitable worlds ^, and fome even in 
our own folar fyftem, as well as thofe of the fixt 
ftars. And confequently if in the. fun and its 
planets, although viewed only here upon the 
earth at a great diftance, we find enough to en- 
tertain our eye, to captivate our undcrftanding, 
to excite our admiration and praifes of the in- 
finite Creator and Contriver of them ; what an 
augmentation of thefe glories ihall we find in 
great multitudes of them ! in all thofe fyftems 
of the fixt ftars througljout the univerfe, that I 
have fpoken of and ihall have occafion to men* 
tion jagain in the next chapter : 

^ J^ the preface, p. 4^. 
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CHAP. III. 



OF NEW STARS, 

T3ESIDES the planets of our Solar fyftem^ and 
" the wonderful number of fixt ftars, there ar^ 
fome others^ which are called New Stars^ which 
fbmetimes appear and difappear in divers parts 
of the Heavens, and will deferve a place here. 

Some ofthefe new ftars have been taken notice 
of as early as Hipparchus's time, " who feeing; 
^^ fuch a new ilar, and doubting whether it often 
^^ happened, and whether the ftars we take to be 
** fixt were fo or no -/' he therefore (as Pliny 
tells us ^ " fct upon numbering the ftars for 
<* pofterity; a difficult talk," he faith, " even 
for a God : and by proper inftruments he mar- 
ihalled them in fuch order, that their places and 
magnitudes might be known : by which means 
it might be eafily found, not only whether they 

< Nat. Hift. L. 2. c. x^ 

decayed 
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decayed and perifhed^ or were agiln renewed i 
but alfo whether any of them changed thM 
places or had any motion, as alfo whether they 
increafed or decreafcd." Thus Pliny* 

Since which time many other fuch hew ftiti 
have been taken notice of by others. To paft 
by the new ftars in Hadrian's^ Valentinian'^p 
Honorius's, and Otto's times, I ihall name oiAf 
fuch as have been more lately taken notice of hf 
men of good judgment in thefe matters ; fueli 
were thofe new (lars obferved by Tycho Brache, 
David Fabricius, Janfon, Bayer, Keplet, Marias, 
Byrgius, Hol^varda, Hevelius, Montanari, 
BuUialdus, Caffini, our Mr. Flamfteed, and (bni^ 
others j ^ to which may be added a new ftat thiit 
appears at this very time I am writing, in fbe 
neck of the fwan } the fame in all pfobabilif j 
that hath been feen before by Mr* Kirch^ in 1687^ 

and 

* Yor a eaulogae of th^ie and other new ftart/the eonflellatioDt Uk 
wliMi they appeartd^ an<l odicr maitm relating to them, I fliali 
feflsf to Riocioli's Almageil. Lib. 8. Seft. s. Chaf . i. IkTtlM 
Prodorm* in his deicriptioa of the oomet in 1665, P* 433* ^^^ ^P^ 
pendix to Merca^or*! A^ob. and Mr. Loivthorp't Abridg. vol. I» 

P- a47t 

< In the Mifcellanea Berolinenfia, p. 210 Mr. Kirch faith, he, 

^r fome time, fought this ftar in ▼aio, but at iaft on 6- 1 6 of Auguft^ 

1687, he found' it witli the help of an eight foot tube, but very 

« iVnall : 
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and 1688, and perhaps by Bayer long before, as 
tlfo Hevelius and others. 

Of thefe new ftars, there is reafon to imagine 
there may be many, by reafon .they are not con- 
fined to any one part of the heavens, but appear 
und difappear in divers conftellations, and divers 
parts of thofe conftellations, as in Cafliopeia, 
the fwan, the great bear, Andromeda, Eridanus, 
the whale, the fliip, and divers other parts of 
the heavens. 

What thefe new fl:ars are, is hard to determine. 
Meteors they cannot be, bcjcaufe they are of long 
4:ontinuance, and much too far off, for bodies 
that emit fo little light as metors do, to be feen 
by us. And as for other opinions about them, 
they are too many, and too frivolous (forae of 
them to be named) ^, except one or two of the 
moft probable. Among which, one is of fome 

fmail : and that it grew bigger and bigger, fo as on O£iober 13, to 
be feen vvith the naked eye, untill baring arrived to its greateft 
magnitude, it again became lefs and lefs, and at laft invifible even 
in a telefcope. By frequent obfervatioos, he difcovered its motion 
to bt very rcgulari and its period to be 404} days. 

' If the reader hath a nnind to fee a variety of thefe opinions, he 
-^lay 6nd (hem largely enough handled in Riccioli's Almagcft. ubi 
fupre, c. 1 7. 

perfons 
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perfons that think they may be fuch ftars as 
have one fide darker than the other^ as one 
of Saturn's fatellites is fuppofed to have^ and 
fp appear only when the bright fide is turned to- 
wards us, and difappear as the darker takes 
place. Some think they may be fixt ftars that 
expire in light and vapours ^, and are again re- 
kindled, and recruited by the accefs of comets. 
Others take .them to be comets themfelves. But 
if I may be admitted to fpeak what was formerly 
my own opinion, I rather took them to be 
erratick of fome kind or other^ and that for thefe 
reafons : 

1. From fome of them, as I thought, fecming 
to change their places, and appearing ibmetimes 
farther off, and fometimes nearer unto other 
liars : as I have faid in the preface, p. 41. 

2. From that increafe and decreafe of their 
light and magnitudes which is conftantly obferv- 
ed in them, they being at fir ft obfcure, and 
hardly difcernible, but by degrees growing 
brighter and brighter, till fome of them equal 
the light of Venus ; and others the light of the 
fixt ftars, of the firft, fecond, and third magni- 
tudes : and then again as gradually grow lefs and 
Icfs, till they utterly difappear. 

« Thit U what Sir Ifaac Newton furraifes in hit Princip. I. iii. 
Prop. 42. 

0^4 3. From 
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3. From their periodical motion ami return 
after a certain time. This indeed bath not 
been fo carefully and jndicioufly taken notice 
of as it defervcs, or fo as to bring their periods 
wder certain determinations ; but yet in fome of 
Hcvclius's and Caffini's obfervations, it hath 
been difcovered that fome of the fame ftars have 
returned, as particulaily that in the whale's 
neck, and that which now appears' in the fwan's 
neck, which as I juft before (p. 246.) faid, hath 
a period of 404^ days^ according to Mr. Kirch's 
obfervations. 

Thefe were my reafons for fufpefting thofe 
new ftars to be erraticks, rather than fixt ftars 
either recruited, or having dark and light fides. 

But the grand difficulty is, what kind of 
erraricks they arc, whether wandering Suns or 
planets (like ours) of other fyftems ? That they 
i^ould be wandering funs, is fomewhat odd Co' 
^ftert ; and of what ufe they jfhould be, is hard 
to imagine, iince there is nothing of this kind in 
the univerfe, that we know of, that may affift our 
imagination. 

And as to the latter opinion, I confefs I have 
been much inclined to fufpeft that they might be 

planets 
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planets revolying roimdiuehfotts, :rs calt t ttmdt 
fiercer and more rtgotous fight than the ftttt 
doth : af)d that thefe their planets might be man 
denfe than ouf s^ and have firrfaccs more ftrongty 
reflcAing Ught, and perhaps be mach larger to6. 
But aot with ftandmg that phinctary reflofted light 
may be fetit to very great diftances by thelV 
means, yet without extravagant fuppofhlons of 
thtsnattrr?, it may be doubted whether it would 
reach us^ fo far off as the fixt ftar? are« And 
bcfides this^ another doubt is^ that although 
there are divers ftars near thofe new ftars of 
greater magnitudes than any of thofe new flars 
are^ (which I have had the fortVine to fee) ; yet 
I can fcarce think them big enough ^ to conclude 
them to be the funs about which thofe new ftars 
(if planets) move. And therefore being un- 
certain what to detern;iine in fo intricate a matter^ 
I ihall leave it to future better obfervations 
(which the late long dark weather hath hinder* 
ed me in the profecution of) which I hope may 
afford us fo good light, as may lead us into a 
much greater knowledge of thofe rare phsno* 
mena. 

But whatever thofe ilew ftars are, they are a 
farther demonftration of God's power and glory ; 
and that there are many more of the grand 

works 
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works of the Creation, than what our eyes be* 
bold at ally or that we have only now and then a 
glimpfe of. But if they are planets of other 
fyftems, fome of thofe erraticks revolving round 
fome of the fixt ilars^ then do they lay open a 
ftill more glorious fcene of God's work, and give 
us fuch a reprefentation of the ftate of the uni* 
vcrfe, that the world never dreampt of before, 
and that even angels themfelves may be amazed 
at the fight of. 
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CHAP. L 

OF THE DVEy AS WELL AS GREAT DISTANCE OF THE 

HEAVENLY BODIES. 

I HAVE before taken notice of the immenfe 
diftance of the heavenly bodies, that it is 
fuch as makes thofe vaft bodies the fixt ftars (no 
lefs in all probability, as I faid, than the fun it« 
felf) to degenerate into fo many points, yea to 
efcape our eye; nay more than this, that it 
caufeth even our own great orb which our earth 
defcribes about the fun, to fink into almoft a 
6 point 



t^Z THI PX7E DXSTAUCBtlF THfe HEAVENLY BODIES. 

pointy or at lead a circle of but few feconds dia- 
meter. I (hall therefore fay no more otir that 
matter. But that which I fhalt fpeak of in this 
book^ is the due proportion of the diftance of 
the heavenly bodies; that they are not fet at 
random, like a work of chance, but placed 
regularly and in due order, iiccording to the beft 
S|iethods Df proportion and contrivance. Wb ich 
will be manifeft from the following chapters, 
which Ivill ihew that the diftance is fuch, that 
none of the globes interfere with one another : 
but, tnftead of that, are in due and the mod 
pier, comnwdicus proportion. 
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CHAP. n. 



tfON9 9F THE GL0BE9 QF THE VNIir^ESfi 

MT£RFERfi* 



TJ AD the. ttnivcrfc been tke work of chance^ 
^ ^ or aoy thiog but of a wife archited:, tiiecff 
MTDutd have been a great maojr blofiders and iim 
ponv^cnces in the fituatioa of fuda a p80« 
^ious mimher of immeafe globes^ as tkt uhit 
verfe doth contain. Some would have been too 
near, fome tioo ht off, fi>me would hove met 
with, knocked and (topped one the other, and 
fome would have fo interfered as to have income 
mcided the anher^ fooie way or other. But in* 
ilead of this, every globe throughout the whole 
. creation is, as far aa it is poffible for us to ob- 
ferve, fet at fueh a due diftance, as not only to 
avoid all violent concourfes, but alfo fo as not 
* to eclipfe or ihade one the other, wherever it 
may be prejudicial, -or indeed not ufeful and 
convenient, or fo as to hinder one another's 
kindly influences, or to prejudice one another 
by noxious ones« This is v<:ry manifeft in our 

own 
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own fyftem of the fun; and becaufe we fee it uot 
otherwife, we may conclude it to be fo in all ; 
unlefs we ihould make fome exception for what 
is fufpedled (and indeed only fufpe&ed)* of 
comets, which, in their approaches towards the 
earth, are imagined to caufe difeafes, faniines^ 
and other fuch like judgments of God. But this 
is only furmife, and what befals the world at 
other times without the vifible approach of any 
comet. But' however, fuppofing^ that as comets 
move in orbs very different from thofe of the 
other heavenly bodies, fo their effedts and in- 
fluences may be as different ; yet this may be, 
and no doubt is ^becaufe it may be proved) 
with the concurrence and by the appointment of 
the Divine Providence j who, as a governor of 
the world, might make fuch noxious globes to 
execute his juftice, by affrighting and chaftifing 
finful men at their approaches to the earth, and 
not only fo, but (as fome have imagined) to be 
the place of their habitation and torment after 
death. But fuppoling it to be fo, yet herein is a 
kind Providence manifefted, that their returns to 
the earth are but feldom \ and their ftays fhort, 

and 

^ There having of late been great expo^ations among fome, of 
a comet appearing this year 17x8, it may gratify their curieGcy to 
take notice, in thit place, of three comets, whofe periods, we im- 
agine 
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and that they take up many years in paffing the 
reft of their orbs. 

And now whether we coniider the due fitua- 
tion of the greate^ part of the heavenly bodies^ 
whereby neither they, nor their influences do 
interfere ; or the more unufual portion and mo« 
tion of comets, flill it appears that a wife and * 
careful architect was the contriver andordererof 
it all ; efpecially if we join what follows in the 
next chapter. 

agioe, are difcoveredy by the great fagacity and application of oat • 
Biodcrn aftronomers. The revolotion of the firft of the three, is 
fupppfed to be performed tn 75 year»| and to have been the faiM 
comet that appeared in the year 1682. The fecond it fuppofed to be 
the comet that was feeo in the year 1661, and to revolve round in 
129 yean. And the third is imagined to be that comet which ap- 
peared in 1680 and 1681, whofe period is 575 years'. And accord* 
ing to Mr. Whifton's determinations, the firft of thefe three comets 
will again appear in the year 1758, the fecond in 1789^ and tfat 
ildrd and id£t not till about the year 2255. 
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•F TKE N«CB 9ROFORTK>Vft OP THE MSTAVCE^ Qf^ 

m 

TH¥ BEAVEHltY BOPIES* 



A S it IS one great dcmonftration of tb^ ingc- 
^ ^ nuity and fkill of an architeift to give due 
proportions to his work \ fo we find this to be 
abundantly msitu^ iaall the bodies of the imir 
-vetfc that fail e^der our cogmzanct : among 
tvFiich vre may difcern a curious ofdef, and that 
iiuo and nice proportions arc ilri^lly obferved \xm 
4Aeir fttiiatioii* 

How the iixt {tars are iituated in reipe^ to o&e 
another^ is itnpoflible for us to determine at fuch 
prodigious diflances as they are from us ; but 
they look to us, who can have no regular prof- 
pe£t of their pofitions^ as if placed without any 
order : like as we fhould judge of an army of 
orderly, well difciplined foldiers, at a diftancc^ 
Jtfbi^k would appear to us in a confufed manner, 
untill we came near and had a regular profpedt 

of 
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of them, which We ftould then find to ftand 
well in rank and file. So doubtlcfs, if we could 
have an advantageous pfofpeft of the fixt flars, 
We fhould find* them vejy commodiocilly^ an<t 
well fet in the firmament in regard of one an- 
other. And this we have -great feafon to con- 
clude from the rules of parity^ from that con- 
fiant harmony, and fimilitude obfervable among 
bll the work9 of the creatioo» which fall under 
our cognisance : particularly this is evident in 
this region of the univerfe to which we belong, 
and which we have a better profpeft of and can 
furvey with our inftruments, I mean the fyftem 
of the fun. In this we find every body placed 
In good ^rder, and at due diitance, according 
^V^ to th? nice^ rules of proportion. 

For the ev^^ion of this matter, let us (ac- 
cording to the moft received and rational hypo- 
thefis) fuppofe the funplaced in the centre, to 
influence all his planets with light and heat. 
t*hen follow the feveral planets, fturounding 
)»tm, not one here, and another there, at all ad- 
ventures, in a rude manner, like a work oF 
chance, but at due diHances from the fun ; at 
{proper diftances from one another ; and in fuch 
well adjufted proportion of their velocities and 
|;ravitiesj as makes the fquares of their revolu- 

R' tions 
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tions to proportion! to •Ji;fae^cul^cs of their ili& 
tances. .^nd this is what is difc^rniblc in the 
whole iplar fyftem^ not only in the primary 
planets that, revolve rpund the fun^ hut in tl^ 
fecond^ry . planets ajlfo. that revolve reund,theiQ» 
Thus.itiaianifeftly is ui the. five moons ^ that acr 
con)paayrSiatuni# and. the iqur accon^panying 
JupijtQr. And amoft'fagacious cpntrivajace thU 
is, mamfe(iing the jirelence and ,cQndu<3: of thi^ 
Creator, in thus chufing this prpportion I fpeak 
of, . rathor than any other- For fliould the power 
of gravity (for inftance).have.betn .fo conilitur 
ted^ as to^ecreafejq the proportipn of the.cube* 
(inftead of the iquares j of the diftances rociprp* 
(ally ; although it might be poffible to adjuftia 
velocity, and JL may add, a,dire6l:i6n top, fo ^s to 
make bodies defcribe perfeft circles, yet the 
le^ft-excefe or de/edl .of velocity, -or the J^afl. 
pbliqpity of the diredtion, would make them da^ 
fpribe fpiral curves, eithqr .afcqndipg in injmitum^ 
or elfe defcending to^he centre. And fy^ppofing 
the Qi;bs (in which thofe-}>odies oiov.^, and whicji 
are fuppofed, as I .fjai<J, .jo.be Ri^de in propor* 
tijOnof the cubes).tobc».perf^.6tly (^ircvjlati thic 
leait adventitious for<^, -even bqt. qf ^n ^tom^ 
abating pr increafing the velocity, or changing 
the direction, would bring on the aforefaid ior 
conveniences. ^Pd if F^e great Creator ^njjl 

.contriver 
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^contriver of the imiverfe hath thus wifely mo- 
delled^ and cautioufly methodized this part, 
this fyftem of it where we live, and be^hotd the 
thing, no great doubt can be made but that he 
hath done the fame in the^other fy-ftems, thereof 
alfo : that every fyftem is fet at a due diflance 
from a»e another, and every body in each fyf- 
tem at ks due diflance alfo from their fun^ or 
fixt ilar« 

And now who can reJBeA tipon thefe things, 
and .not perceive and admire the hand that afteth 
in them, the contrivance and power of an in^ 
finite workman ! For where we have fuch mani- 
feft ftrokes of wife order, counfel, and manage- 
ment, of the obfervance of mathematical pro- 
portions, can we conclude there was any thing 
kfs than reafon, judgment, and mathematical 
ikill in the cafe ? or that this could be effefted by 
any other power, but that of an intelligent 
Being, who had wifdom and power fufficient for 
fuch a work : according to the reafoning of the 
Stoic in Cicero, who pleads thus * : ** If thou 
IhouldeU: fee a large and fair houfe, thou could- 
eft not be brought to imagine that houfe was 
twUt by the mice and weelles, although thou 

* 

' Cic. de Nat. Deor. I. ii. c. «. 

Rz flumldcft 



fllotiWcft not fee the mafter thereof : fo (faith he) 
wouldeil thou not think thyfelf very plainly tci 
play the fool^ if thou ihouldeft in^agine fo order^ 
ly a frame of the world, fo great a variety and 
beauty of heavenly things, fp prodigious a 
quantity and magpitude of fea and land ta foe 
thy houfe, thy workmanihip, and not that of 
the imnfiortal gpds V* And fo when we fee fuch 
good order, fuch due proportions in this region 
of the univerfe, and have good reafon to conclude 
the fame may be throughout the whole, can we 
without great violence to reafon, imagine (^U t^ 
be any other than th? work of God ? 
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OF THE 

MOTIONS 

OP THE 

HEAVENS. 



CHAP, h 

TjUt TRIt BARE lilOTIOH OP THE ttEAVEKS AKO 
EARTH ARE A BBMOHSTRATION OF A GOP« 

IN treating concerning the motion of the hea* 
venly bodies^ it will be neceflary to take in 
that of the earth, too^ it being not eafy to fpeak 
of one without the other. And here there are 
two things that are manifefl; demonftrations of 
the prefence and management of God^ namely^ 
that fuch bodies Ihould move ' at allj an.d that 
their motion is fo regular* 

I. That all thofe vaft globes of the uniTtrfc 
jDxould have a motion^ muft of ueceffity be from 

R 3 fonie 
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jTome Being that had power enough to put them< 
in motion.. For as Ladantius well argues*^,, 
** There is indeed a power in the ftars, (and the 
*^ like may be faid of the reft of the globes) of 
** performing their motions;- but that is the 
*' power of God, who made and governs- all'. 
*^ things, not of die ftars themfelves that arc 
** moved." For it b impoffible for fuch lifelcfs,. 
>4lull^ unwieldy bodies to move themfelves ; hue 
what motion they have, they muft receive from 
fomething able to move thenu 

Now this Ibme will (ay may be effe&ed by the 
yortices^ furrounding the fun> the earth, or other 
primary mover ^ ; or from a veftoriai power, or 
Emanation of the fun ^, or other the likfSf 
primary movers carrying about and pufhing on 
fuch bodies as move about them. But allowing^ 
that it is poffible it might be fo, yet ftUl we muft 
recur to fome firft mover, fome primvy agent,, 
who was able to fet that principal mover into 
motion : and then the cafe amounts to much the 
fame,, and- the argument hath the fame force,, 
whether we attribute thq motion of one,, or all 

th<i 
« 

^ La£bist. Diyin. Infttt. I. ii«€. 5. 

' Tbis.wasDei Carus's docioRi and'cf othcn l«ng^bcfort hunw^ 
. m Thii was Kapler's fcheme.. 
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the feveral globes to the power of God* For ia 
cur folar fyftenij. for inftance,^ if it fhould' be 
thought that the fix primary pkhetr rcvolvdttg 
round the ftm> received their motion from hiis 
itevohition round hisown'axis;.yet** let ui think 
Cas Plato argues) % how it is poffibde for fo 
** prodigious a mafs to-be (^ried toundibr fo 
long a titn&f by any* natural caufe ?' For wliich 
rcafori (fairfiheyi aflert God-^to be' the .caufe, 
and that it is impoffible it ihould be othcrwife,'^ 
Thus Plato,- whofe argument is^ Undoubtedly 
good, fince, as Ariftotle argues % " Every thing 
tiiat is moved, muft of neceffity be mov^d by 
fbme other thing ;. and that tbiugmuft be moved 
eidier by auother,^ oi^ not by another: tbing*^ If it 
be moved by that which is moved by another, we 
muft of neceffity, faith he, comfe' to fome prime 
mover, that is not moved by another. For it is 
tthpoflible that what moVeth,. and is moved by. 
anolher^ fliall ^tocw^inntfinitum'- 

And now therefore, if in our folkr^ fyftem, we 
Ihould imaginie the moon to be wheeled about 
our earth, by the motion and Vfedorial power 
of the earth ;^ and the vofiom about Saturn and 

R'4 Jupitef 

f Plato in Bpmoin;' 
• ; Adaoc. Fliy£«, Ik tUL t. 5-. 



s^ MVTiev oKTSB nJDTEn m«vif A mrrw. 

jkipatef by the fnodon axtd v^Aorud power of 
tbofe planets ; and aU the primary plancct to be 
turned round about the fan by the power of the 
fatif yet at laft we muft find out a mover of the 
fan itfeif / and thofe other primaries i a cavie of 
iufficient power to wheel about thofe prodigi(M» 
aaafiifs, of fudi vail bulks> as^ have before bees 
affigned to them, and which^ be fides their own 
weigl^ are, according to their former hypo- 
thefes,. clogged and encumbered with the w# 
keriis of all thofe planets whether primary or 
fecondary^ or both, which they drive round. 
And if this was' the cafe, what power can bo 
found fufficient for this work, but that of tho 
feme infinite hand that at firll gave them being ^ 



Andfo for all the reft of the moving 
of the univcrfe, fuch as comets, the new ftars 
before fpoken ofp, and the flow motion of the 
firmament, or fixt ftars in £5920 ^ years. This 
latter I Ihall fay no more of> becaufe it may not 



» Book n. chap. j. 

% Ptokmy made thw motion »*c onedq^ni toeTesw. Vot 
Qihf rt fii*c make it to be more. Mr. Street, in hit Caroline Tablet, 
make it i gr. 20' : Hcvcliut 1 gr, »V. 46". $0*^ * but Mr. Ftamfteed 
agrees Riccioli's number to come neareft the taub, .tii» r gr, as'. 
»6". in 100 years, or 50^ in a year. According to whidi fate tlit 
motion (called the Platonic year) b-necomplifhed ia.s59<« yws. 



arife from anjr motioa of the firmaoient it&lf^ 

but from fome cxtbor caufe '« Bat for comefif^ 
what power but that of the Almighty colild gvn 

them fuch prodigious projeddoos as their trajec^ 

tories or orbs are found to have ? orbs that run 

into fuch amazingly long ellipfes as approach I4 

parabolas, that 'tis wonderful how their project 

tile force {hould carry them to fuch immenfe dif* 

tances, and their gravity at the fame time bring 

them back, and incomparably retain them ia 

orbs. 



And fo for the new ftars, which I have faid 
are fo many fignals of planetary fyftems difperf- 
ed here and there all over the univerfe, they are 
all of them fo many manifeftations and demon- 
ftratlons of an infinite Being that hath imparted 
motion unto them : and they are a fign alfo that 
there are other globes, befides the fun and its 
planets, which are moving bodies, even that all 
the globes in the univerfe are fuch, and confe« 
quently fo many proofs of an Almighty firft 
mover. 

Thus 



^'Sirlftac Newton (temonftntes how thit mayarife from the 
fphaooidal fi^re of the Earth. PHAcip. 1. iii. Prop. luScLi. 
Ptop. 66. Corol. 20. See the matter alia noic cafiiy demonftraced ui 
Dr. Gregory's Aftron. 1« L Prop, (4, 



iSS IIDTIOK OF THE SOtXVKKf PROVES A 0£rrir> 

Thus the bare motions of the earth, and o& 
the heavens, are fo iftany arguments of a Divine 
Power therein concernedl But we ffiaH'moceover 
find an infinitely wife, as well as Almighty Powef 
herein tranfading^ by what fbtkws m tik n€zt< 
chapter* 



CHAP. 
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CHAP. 11, 



TtHE GAEAT RtGXrtAHITY O"? THE MOTZOITS Off" 

BV£RY GLOBE. 

« 

T-TAVING in the preceeding chapter flicwn: 
" that the giving motion to fuch immenfe, 
lifelefs globes, is the work of God, welhal!' 
find much greater demonftrations thereof, if we 
coniider that thofe motions are not at random, inr 
ihconvenient lines and orbs, but fuch, as Ihcw 
wife dfefign and" counfel. I Ihall here fpecify but 
two examples, becaufe I ihall have occaiion ta 
fty more of this matter Hereafter. One is, that 
all the planets jhould (when their motions were 
itnpreft upon them) hiave their directions or 
tendeneies given, not in lines tending from the 
centre to the circumference, or very obliquely, 
but perpendicularly to the radii. The other is> 
that the motions and orbits of the planets Ihould 
not interfere with one another, but tend- one and 
the fame way, from Weft to Eaft, and lie in 
j^tanes but little inclined, to one another, 
or when inclined that it Ihould be. very 
beneficially fo, as I Ihall hereafter ihew. Thefe 

X and 



and matiy other inftances^ sind in a word^ that 
every planet ihould have as many^ and Various 
motions^ and thofe as regularly^ and well-con-' 
trived and ordered^ as the world and its iiihabU 
tants have occafioh for^ what could all this h€ 
but the work of a wife and kind^ as well as om-^ 
nipotent Creator^ and orderer of the world^s dU 
fairs ? a work which is as plain a fignal of God^ 
as that of a clocks or other machine is of man^ 
Tphus'Tully's Stoic * argues our prefent cafe fronr 
the ihepherd at Aftium^ when from the top o^ 
an hill be happened firft to fee a ihi|i falling iff 
the fea. He was for a while in great amazement 
^nd furprife to fee fuch a moving inanimate 
hodj, and could not imagine of what a nature it 
i^iaa poffible it ihould be^ untill he perceived^ by 
£ome tokens, that it was made and managed hy^ 
man. ^' So, faith he, the philofophers ought t0 
have done, if happily they had any doubts at thft 
firft view of the world ; afterwards when they 
ihould behold its determined and equal mo^ 
tions, and dl things managed by cftabliflied 
order, and with immutable conftaUcy; they 
ought then to undef ftand that there is not only 
feme inhabiter in this heavenly, this divine 
fcoufe, but alfo fome ruler and moderator,, and 

in 

f Dc Nat. Dcor. I iu c. 3 j^ 
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in z manner, arehiteft of fo great a worj?, fo 
^ble 1^ perfornaance/' This conclufipn is fo 
patural, fo cogent, that any thing but ltqpi4 
prejudiced blockheads (as thofe philofophers 
were) would have naturally and eafily made itt 
^^ But pow, faith the Stoic^ they feem to me 
not fo mui:h as to have any fufpicion of the won« 
derfiilnefs of the things of the heavens or the 
earth.'* A^t^d great reafon the Stoic had for his 
i\irmi{e» F^r fo manifeft a xletnonftration of g 
peity are the motions pf the heavens and earthy 
that if men do not fee them^ it i$ a fign of great 
Cupidity ; and if they will pot fee and be coa^ 
vitiiped ^y them, it is as plain a fign of their pore^r 
Judice and perverfenefs^ ^s will farther appear 
jffy confideriag what an incomparable provifion is 
made for the woirld'i good^ l>y tfce particular 
motions which are given tQ the ?arth and hea« 
vens, n^el)r^ tl^e diurnal and p9rio4i9al mo^ 

I Ibid, c, 36« 
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<OF tHE VmWAL MOTIOK OF ALL THE SEVERAZt 

G£/OB£6. 

AS to the diurnal motion, there is great pro- 
bability that our earth, and all the heaven- 
ly bodies have a rotation round their feverat 
axes ; not all performed indeed in the fame fpace, 
or length of time, but fome in longer, fome in 
ftorter times; each time making what we call a 
day in thofe feveral globes, equivalent, although 
not equal to the eircumvoktien of -our ^rth ia 
24 hours. 



This diurnal rotation is vifible in mai^ 
fof the heavenly globes, and highly probable 
in our own. In the fua k is very manifcft 
from the equable motion of its fpots, which 
fometimes appear on its diflc, and have been 
gbfcrved formerly by Galilseo "j Scheiner % 

Tarde 

"• GalilaM telli us in ^e III. Dialogue of his Syftem. Mund* 
thic h« wu tbe firft that difcoyered ipots on the fim, in the year 
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^STarde y, Malapertius^ Hevelius ^and our country'- 

• man Mr..Gafcoignej and Mr. Crabtree *; and fince 

• thcoi by Mr. Boyle, Dr. Hook,,Dc, Halley , Mr. 
iFlamiteed, . and athersin England, and by Meflrs* 

Caffim^ 

,t6^o» yfthich lieihewed the nextye^ir to divert great perfons im 

^Itome. 'That Scheiner fent him two letters by Velferus, under the 

, feigned Bame-of Apclles, to defirehis opinion of them ; chat he 

. concluded them to be . alterable, contracy to the reoetved opinioa 

>then, of the havens inalterability; that they were contiguous ta 

(the fun, aiid that their paths orer the fun, .fometimes in a curve, 

Ibmetimes »ftniit line,* argue the annual motion ef the earth above 

the fiua, and not pf the fun about the earth ; with. more to the famt 

purpofe* which may be(eca ifK the fagacious author Ia. his ift^and 

. gd Dialogues, 

^ Vid. Schemer's Rofa Urlina* , 

V Vid«Tarde''s Aftra Borbonia, who took them to be ihiall ftaffi 
int erpofing themfclves between the fun and us. Of the fame opinion 
idib was MaUpertius, who gave them the Jiame aof Sydcn Auftnaca* 

* See Herelius's opinion of ^em at laije in lua Selenography^ 
.ch . 5. and in the ^ppeiSdix< 

* In their l^ers^ now in ^y hands, these is an ingenious cen^ 

troTcrfy between thofe two great men, IMr. Gafcoigne, the inventor 
of the micrometer, and Mr. Crabtree, concerning the Solar fpoca 
that appeared about tbe-year 1640, which Mr. GafoMgne imagined 
|0 be great numbers of fmall planets reyolving round the fun, at 4 
fmall diftance from him. Mr. Crabtree's anfwer and opinion may 
.be feen in hts letter, which is publilhed with my own obfervationa 
fibout,tbe Solar fpo^s from 1703 to 1711^ ia the Philofl Tn^U*. 
No. 330.; 
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Caffiniy Picart^ and others abroad \ and of late 
by myfelf and others too. Thefe fpots have ma-. 
nifeflly a motion, and the fame motion too^ as 
^at of a globe moving round upon- its pales z 
for we may perceive them to be perpetually 
fliifting their places from the eaftern to the weft* 
ern limb of thefua ; and in thus doing, their dally 
fiages and motion ezadly correfpond to the nio^ 
tion^of a globe ; that i%, thofe ftages are fliorter^ 
|md the motion of the fpots feemingly flower to^ 
wards the fun's limb, but near the centre o( the 
cUsk, larger and fwiiter; and al} in es^aidt ptOh 
.pottioa to a double line of lineS;^ ors^ Une'Qf 
£neis on each femidiarpeter of the difk. 

And farther yet, thefe folar fpots, as they 
xnanifcllly demooftrate the fun to be a moving 
globe, turmng round once in ibmewhatabo^w^j 
days, fo they manifeft themfelves to be fome** 
thing adb ring unto, or nigh the fun's globou$ 
'body, by means of the different parts and poQ- 
lions of the fun : as in the middle of the diflc, if 
they are round, towards the J imb they become 
more and mx>re oval or long, ju(i: as foch a liko 
fpot on a common globe would appear when it is 

turned 

^ The obfenrations of diofi^ great men (which are ^ifperfcd 
about in the Ph. Tran.) may be feen at one view in Mr. I^wthoip'4 
Abridgmenti voL i. p. »74, 
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turned fo as to be viewed by us fideways, or go- 
ing out of fight. 

And laftly, another thing obfervablc in and 
from thefe fpbts is, that they defcribe various 
paths or lines over the fun, fometimes ftrait, 
fometimes curved towards one pole of the fun, 
fometinijcs towards the other, exa6lly correfpond^ 
ing to the different pofitions of the earth in re- 
fpedt of the fun throughout all parts of the year. 

Thus m that vaft mafs, the fun, we have ma- 
nifeflly fuch a diurnal motion-as I fpake of, or 
circumvolution round its axis ; a motion con- 
fiant and regular, and doubtlefs of as great ufe 
to fome ofHcc or other, in fome part or other of 
the univerfc, as the motions of the earth, are to 
the inhabitants thereof: and a motion therefore 
this is, demonftrating the concurrence of the 
Almighty^ 

Neither is it the fun alone that undergoes a 
diurnal rotation, but mod, if not all the erra- 
ticks about him. Saturn indeed i^ at fo great a 
diftance from us, that we have not been able to 
perceive whether or no he hath fuch a rotation ; 
|}uc as the other planets have it, and there is full as 
much occafion for it in Saturn as in them, fo 

S there 
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there is no great doubt to be made, but that he 
hath fuch a like diurnal motion, accoinmodate4 
as well to his ftate, as it is in the earth and the 
reft of the planets. 

So Jupiter is difcovered to have manifeftly a 
motion round upon its axis from Eaft to Weft, in 
the fpace of gh. 56', as Monf. Caffini ^ by many 
repeated obfervations in the year 1665, and other 
following years, fuft found from the fpots ob- 
fervable on it j of which there are two kinds^ 
which I myfelf have often feen as well as others 
before me j a fhort account of which (although 
it be a digreflion) may not be unacceptable to 
many readers. One kind pf thofe jovial fpots is 
only the Ihadow caft upon the planet by the 
fatellltes intercepting the light of the fgn, when 
they are interpofed between the fun and Jupiter: 
the others are fuch as are really in the body of 
that planet, after the manner of thofe we fee in 
the moon, but not permancat as they are. And 
by the motion of thefe latter fpots, it is mani- 
feft, not only that Jupiter revolves round in the 
time mentioned, but that it is a moving globe 
alfo, by reafon (as was faid of the fun) thole fpots 
move fwifter, and in larger ftages towards the 

middle 

1 

• Sec his obfervations in the Mcipoirs de Marhcm. & de Phyfi* 
^ue for Jan. 1692. 
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middle, than towards the Hmbpf Jupiter's di(k, 
Alfo fuch fpots as are rQund about the middle, ap^ 
pear long or oval towards the limb, or edge of 
the diflc; as was before obferved of the fun's 
fpots. 

As to Mars and Venus, they are both difcovpr- . 
cd to have fpots, or parts lighter and darker, as 
well as Jupiter, and to have a motion alfo as he 
hath. .Qf thpfe fpots in Mars, Dr. Hook had 
divers views in the year 1665, which he hath 
given us figures of ^': and from thence conclud- 
ed that planet bad a motion, although he could 
not determine in what time it was performed. 
Put Mr. Huygcns cxprefly faith * it is performed 
in the fpace of 24h. 40'. But for th^ motion of 
Venus, Monf. Caflini could perceive the fpots to 
ichange their place, and that the planet had a 
motion, although he pouljd npt make out what 
\t was ^ 

Thus are the primary planets difcovered to 
Jiayca diurnal rotation, or fomewhat very like it 

at 

* See Philof. Tranf. No. 1 1^ ;4« 

* Cofmotheor. p. 24* 

' Mr.Calfini'f obfervations difperfed ia the Phil. Trinr.inay bt 
i^a at one 7icw in Mr. Lowchorp's Abridg. vol. I. p. 383, & 425. 

s 2 
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at leaft, all except Saturn, as I faid, and Mer- 
cury, and our own globe. And as to thefe we 
have very little, or no rcafon to imagine but that 
they move as well as the reft ; only we cannot per- 
ceive it in Mercury, by reafon of its proximity 
to the fun, and that its elongations are never fo 

great, nor fo long, as to enable us to have any 
^ good and fufficien^ views of him with our tc^e- 

fcopes. 

And as for our own globe, it is very vifible, 
that either that moves round in 24 hours, or that 
the fun and all the heavens move round it in the 
fame time. And which of thefe two is the moft 
agreeable to the ufual courfe and methods of na- 
ture, which performs all its works in the moft 
compendious, facile wa}*^, let every one judge. 
And is it not far the moft compendious, ready 
and eafy way, that the terraqueous globe fhould 
wheel about in 24 hours, than that fo many vaft 
bodies of the heavens fhould be turned about it 
in that time ? Is it not as poffible, yea as pro- 
bable, that our lefler globe Ihould be fo turned 
about, as thofe more mafly globes of the Sun, 
Saturn, and Jupiter, are ^bout their axes? But I 
Ihall not enter into a detail of the arguments for 
the earth's motion, and the objedions made 
againft it, becaufe I have done it in the prelimi- 
nary difcourfe. 

Thus 



DitJRNAL MOTION OF tHE StTN^ &C. 277 

Thus having taken a profpeft of the diurnal , 
motions of the great globes of the univerfe, that 
fall bed under the cognizance of our inftrutnents^ 
and found that many, and probably all of them, 
have a rotation round in a determinate time ; if 
to this we add the convenience and prodigious 
uft of this motion to the feveral refpedtive 
globes, we Ihall find that an infinitely wife and 
kind, as well as omnipotent Being, was the orderer 
thereof. For were thbfe globes always to ftand 
ftill, efpecially the erraticks that owe their light 
and heat to the fun, in this cafe, one half of them 
would be dazzled and parched with everlafting 
day, whilft the pther would be involved in cver- 
lafiing night and darknefs. And what the con-' 
fequences would be, we may beft ^udge from 
what would befal our own globe, without the 
kindly alterations of day and night i and that is, 
that it, at lead a great part of it, would fcarce 
be habitable, it would neither agree to the ftate 
of man, or any other animals ; nor to that of 
vegetables, or indeed any other creature. For 
one half of the globe would be burning up, at 
leaft too much drying, and exhau^ed with the 
beams of the fun, whilft the other would be im« 
merged in, and deadened with too long night. 
And in fuch a cafe, how would the great works 
of nature, fo ferviceable to the world, be per- 

S 3 formed i 
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formed ? How, for inftance, could the vapourf 
be raifed to fupply the earth with cooling clouds, 
and fertile Ihowers ? How Could the winds be 
excited to fan the atmofphere with their pleafant 
and healthful gales ? How could the tides be 
pfbduced, which by their conftant agitations 
keep the waters fweet and clean^ and prevent 
their poifoning the world ? 

And as the courfe and funftions of nature^ 
would be thus affefted, lb would thcftateof the 
creation be no lefs. For how ccTuld thofe of the 
vegetable kingdom be animated and excited by 
the kindly heat of the day, and then again 
tempered and invigorated by the no lefs kindly 
dews and influences of the night?. How could 
men aAd all other animals difpatcH their bufinefs, 
gather their food, and perform afl the varioui* 
labours and offices of the day^ and then recruit 
and repofe themfelves with refl, fleep, and due 
perfpiration, and whatever elfe may be owing to' 
the falutiferous influences of the night, and ab- 
fence of the fun ? 

Thcfe, and fen thoufand as gteat inconveni- 
cnies as thcfe, would be the certain events of the 
want of this diurnal motion of our globe. And 

as 
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Gi'% ihe reft of the globes have their fhares in the 
like motion, fo we may very reafonably imagine 
that it is nd lefs ufeful and beneficial to them than 
it is to us, and that the inconveniences of the 
want of it would be as gf eati 



S 4 CHAP. 
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or THE akm\;al or periodical motion op yhk 

PRIMARY PLANE1S. 

"DESIDES the motion treated of in the pre- 
ceding chapter, there is another, which is 
as clear a manifeftation of the great Creator as 
that, namely the periodical or annual, which is 
vifible in fame of the great globes, and proba- 
ble in many others. Among the fixt ilars it is 
highly probable fomethingof this nature is: as 
appears from thofe new ftars which I have before 
taken notice of, which, as I have faid, fomcr 
times become vifible to us, in one part of their 
orbits, and again difappear in other parts of 
them. But thefe fyftems being out of the reach 
of our beft glafles, 1 Ihall pafs t&cm by, efpcci- 
ally becaule in our own folar fyftem we have 
abundantly enough to entertain us in this de« 
monftration of God* 

For it is very vifible, without the help of the 
telefcope, that every planet of the folar fyftem 

hath 
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Kath this periodic motion I am fpeaking o£« 
For it is manifeftt that either the fun and the 
planets move about the earthy the one in the 
fpace of a year^ and the reft in other times; or 
that the earth and the other planets move about 
the fun in fuch times. But let us (as I have all 
along done) fuppofe the latter, that the fun is 
fixt in the centre^ without any other but its diur- 
nal rotation in 25-^ days; in this cafe we ihall 
have the feveral primary planets revolving round 
the fun in an excellent and due order^ by the ex* 
aftefi rules of fuch a noble ftrudure, fuch an 
admirable oeconomy> and that is in times (as I 
faid) in fquare proportion to the cubes of their 
diilances* So that we £ee Mercury to perforoi 
its period in near &8 days : Venus (the next in 
order to the fun) its period in fomewhat above 
224 days: then the earth, with its companion 
the moon, in 3654 days : then Mars in about 687 
days : next him Jupiter in about 4333 days : 
and lailly^ Saturn in fomewhat above 10759 
days. 

To this fo flridt an order of the periods of 
thofe planets, we may add the confideration of 
the different paths of their periodical and diur- 
nal motion : that they lie not in a very different 
plane, as qu\te a crofs, or the like : nor exaSly 

in 
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in the fame plane^ but a little croffing one an-^ 
other ; the diurnal courfc lying id, or parallel to 
the Equator ; but the other in the broad path af 
the Zodiack^ at an inclination d( 23^ degtees^ 

• 

And 2l glorious coritrivance^this is for the good 
of OMT globe, and doubtlefs no lefs for all the 
reft that fympathize in the like motion. For was 
the earth^s periodic motion to be always in the 
i^me plane with that of the diurnal, we might 
indeed be fonietimes nearer to^ and fometimes 
fartheif ffdm the fljn; but at the fame time mifd 
of ttofc kindly incrcafe^ of dajr and night, to- 
gether with fuch ufefiil diredtions of the fun- 
Ibeams, which the advances of the earth to ond 
or other of the poles caufe s : which two things 

ard 

s THert are two eaufcs of tiiegrea^ ditfereoce betweto the winter 
and fammer, heat and cold. One ii the ihorter or longer cominu* 
ance of the fan above the horizon : in fummcr long, which in- 
creafes the heat> as mtich at it lengthens the day : in winter ihort^ 
which diminidxcs the heat, as it fhortens the day ; and angmenQ 
the cold, as it lengthens tht night. The other caufe is the obliqile 
or perpendicular dired^ion of the fun's rays, the oblique beingj 
weaker than the perpendicular; as is evident from Galibeo's ezperi* 
menty in his Syftema MundiDial. i. by holding a paper turned dp 
at right angles, or a book half open, over againft an illutninated 
white wall ; where it may be obferrrd that the Gde oppofite to the 
Wall, which the rays flrike perpendicularly, i$ far more light and 
lArhlte than the other fide, on which the rays fall obliquely. The 
faqie it is in the incidence of the fun's rays oo ^ny plane, namely, 

the 
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tire the real caufes of our fummer and winter^ 

fpring and antvttnn, and not our being nearer 

unto, or fartlier from the fun. For thofe bene- 
fits 

• 

the rays are fomuch flronger, and the plane the more wartned and 
teniightened, as thi: rays «ire nioreoi* lefs perpendicular $ and that 
on two accounts : x . Becaufe the perpendicular rays fb:ilt& wiih 
greater force than the oblique; As in Fig. 4. the rays R R firike 
the plane A P more forcibly than the plant O B. Thc.adipn or 
force of which pfcrcufllon is (like that of all other impulfet) as the 
lint of the angle of incidence. So the force of the rays R RupcNi 
the oblique plane O B, is as the fine only of R O B, whereas thoi 
force upon A P is as the tvhole fme of 90 degrees^ or angle R O P 
2. Another reafon is, That a greater number or quantity of rays 
fall within the compafs or area of «ny plane in a pcrpencKottUr thsni 
oblique dire£lion. This will be manifeft from the bare iBrp«£K9i& 
of Fig. 4. Whcrt it may be obferved that all the rays between R R 
and O p fall on the plane A P; but only about one half of them 
ivould fall upon an oblique plane of the fame length, if it was Ob: 
o^ (which is the Tame thing) nfear as many rays would fall off O .b^ 
turned up to O b, as fall upon it. Alfo it may be obferved farther 
that as the line O B is longer than O p, fo are the fpaces between 
the rays larger in O B than O p ; and confequently fewer rays fall 
on O B for iii length, than on O p for its length, or the rays are 
denfer, or more compa£t in O p than O B. And when they are Co^ 
they are fo much the fironger, as is evident from the colle£Ung and' 
condenfmg the fun's rays by a burning glafii. 

What the particular power of the fun's raya is in all dire^lions^ 
quantities, and impulfes, falls under mathematical calculation ; but 
I need not trouble the reader with it, but ihall refer to the ingenious 
Dr. Wolfius, (mathematical profeflorof Hall) his Elementa Aero* 
inetriae. And as for the proportional degree of the £un*» heat in aU 
latitudes, and its altitudes, our rood acute Savilian Profeffor, Dr. 
Hal ley, hath pvcn us a neat and clear method for computing it in 
Fhiloi. Traafaa. Ko. 203. 
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fits (we at leaft that inhabit towards the nbnhern 
pole) have at the contrary feafon, when we hai^e 
moft need of them^ viz. the fun*5 proximity, in 
lyinter ; its greater diftance from us in fummer : 
as is manifeft from the increment of its apparent 
diameter in winter to 32', 47", and the decre- 
ment thereof in fummer 1031', 40" '"^ 

And how for a conclufion of this cliaptef coh^ 
ceraing the periodic motions of the primary 
planets, we tniy take up the argument of Hugo 
deS. Viftore'. " wKo commandeth the fiin to 
defcend through the winter (igns ? And who again 
caufeth him to afcend through the fummer figns > 

Who 



* Monlieur de la Hire, ia his Tabul. A^roil. makes the fun's 

t 

femidiaraeters to be December 30. 16'. ii'\ and June 30, 15% 
49". But Mr. Flamftccd in his Lunar Tables added to Mr. Hor- 
iox's Poilhumous Worki, makes the greateft to be i^'. 23", the 
lead 15'. 50", and the French academift 16'. 23'% and 15'. 50'^ 
V( Recueil d'Obferv. Les Elemens d' Aftroo < p. 21. 

Beiides the alteration of the fun's apparent diameter, its fwifter 
motion in winter about the folftice by ^bout a 5th part» is an afgu- 
meiit of its being then nearer the eartji. From whence it comes to 
pafs, that from the Tcrnal to the autumnal a*quin(nt, there are 
about eight dajs more than from the autumnal to the vernal. 

* ^isfoUm per hyherna dejcendere Jigna pr^cipit f ^is rurfum 
per ^fiiva Jigna afcenderc facit ? ^is eum ab orienle in occidentem 

ducit 
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Who leads him from Eaft to Weft? And who 
again brings him back from th ; Wcfl: to Eaft ? 
^11 thefe things are vpry wondprful^ but to God 
alone pofQble/' 

^ueh f ^is itetum ah occidenie in orientem rroehii T Hmc cunBm 
Jim mirobiUOfJcdjQU Dfq^bilia. Didafc^}. 1. vii. c. 8, 



CHAP- 
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CHAP. V. 



PPTRE PERIODICAL MOTION OF THE SECOHDARV 

PLANETS, 

TTAVING confidered the periods of the prl-? 
mary planets, let us next caft our eye 
upon thofeof the fecond^iries. And among thefe 
we ihall find the fame compleat order and harr 
mony as among the laft. Thus Saturn^s five 
moons^ and Jupiter*s four, and our own about 
the earth, have each of them their determinate 
titnes ; fome longer, fome fliorter intervals of 
time ; in the fame due proportion, a^ I fpake of 
among the prims^ries, 

Befides which, there is another thing very con- 
fiderable in this periodical motion of thofe 
fecondary planets, and that is, that it is mixed 
with ar kind of cochleous diredtion towards one 
or other pole of the primary planet ; 6y which 
means every fatellite, by gentle degrees, make^ 
Its vifits towjirds each pole of its primary. This 
^s well knqwn among the Circumjovials, for in- 

I ftance. 
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ftance, that they all have a flow and gradual 
fcrew-lilce progrefs, firfl; towards one, then back 
pgain towards the other pole of Jupiter; and 
that tZQ\\ fatellitc hath its declinatioi) greater and 
greater according as it is farther or farther from 
Jupiter's body, Accord'fngly the declination of 
each CircuLDJovial, afTigned by the diligent and 
fagacious Caffini ^, after 12 years obfervations, 
are thefe. The greateft declination of the firfl:, 
or neareft, exceeds not a third part of Jupiter's 
femidiameter : that of the fecond f\irpafleth but 
a little of 2L quarter of its diameter; that of the 
third a little exceeds three quarters of the dia-^ 
meter; and that of the fourth, or outermofl:, 
goes beyond Jupiter's poles by a third part of 
the femidiameter. All which mutations, he 
faith, are performed in the fpace of twelve 
years. Thus the famous Caffini. But I have 
myfelf obferved a greater vagation in the third 
fatellite ; that it advanced near to, if not even 
with the very limb or pole of Jupiter, and 
that its ftay in Jupiter's fliadow, or the dura- 
tion of its eclipfe at that time, was Icfs ^than 
is commonly adigncd unto it, as it is reafonable 
to imagine it fliould be, be^aufethe fatellite had' 
only the outfide of the cone of Jupiter's fliadow, 

and 

* Les Hypoth. &f Les Tahln des Sat el. dc Jupiter ^ § 4. in the 
French icadcinill's{argc coUcdlioa. 
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and confequently a lefler part thereof to paft 
through at that time. 



As to the end and iife of this fo obfervable a 
tendency in the fecondaries towards each pole of 
their primaries, we may guefs at it from what 
hath been faid of the like tendency of the 
primaries towards the fun, on which our feafons 
do depend. So thofe fecondaries moving iq like 
Hianner to each pole, effedt fome of the grand 
works of the Divine Providence froip pole to 
pole, illuminate all parts of their, refpedlivc 
globes, contraft the length of their nights (as 
fliall be ihewn in a proper place) move their 
waters, and excite their tides, and perform other 
fuch great works of nature as, with good reafon, 
we attribute to the inilpx of our moon here Iq 
our own globe, 

And can fuch well-contrivcd, fuch ufeful mo* 
tious, that the world could not fubfift without, 
that nature could not do its grand works without, 
can thefe be other than the fiat of an infinitely 
indulgent; as well as wife Creator I Could this 
confonancy be fo univerfal, among all the globes 
that fall within our view ? Could their periods 
and diftanccs be in the fame due proportion all 
the univcrfc oyer, their motions all fo alike, had 

they 
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they not had the fame contriverand maker !' But 
t fliall clofe this argument with the refleftion of 
the mdf! ingenious Mr; Molyneux \ who^ fpeak- 
ingofthe fefcjuiplicate proportion of both the 
primary and fecondary planets, thus concludes : 
*' And from hence may wejuftly fall into the 
decpefl admiration, that one and the fame law of 
motion Ihduld be obfe'rved in bodies fo vaftly 
diftarit frdm each other, and which feera t6 have 
no dependance or torrefpondenc^ with each 
other. This dotk Inoft evidently demonftrate 
that they were ill at firft put into motion by one 
and the fame Unerring hand, even the irtfinite 
power and wifdom of God, Who hath fixed thin 
order atfiong them all, and hath eftablifhed a law 
which thejr cannot tranfgrefs. Chance (XT dull 
inatter coUld never prbduce fuch an harmonious 
regularity in the motion of bodies fo vaftly dif- 
tant : This plainly fliews a defign and intention 
In the firft mover. And with fubmiffion ta the 
reverend and learned divines, I am iapt to diink 
that one argument di^wn from the order, beauty, 
and defign of things, is more fdrcible againft 
atheifnl, than multitudes of notional proofs, 
fcc.'' Thus Mr- Molyneux. But we ftiaU 
find farther evidences of this fupreme manage- 
ment in thefe matters from what follows in the 
next chapter^ 

f Di«pt. Not. Far. Ih c# 6. fcA. tu 

CHAP 
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CHAP. VI. 



TIE CONSTANCY AND REGtrLAHlTV OF Alt Ttit 
MOTIONS OF THE EARTH AND HEAVENS. 

'TpHAT the "Eartli and Heavens move at aH, 
-■• but efpecially that they have fuch par- 
ticular and beneficial motions^ appears^ from 
the preceding chapters^ to be the work of God. 
And the concurrence of the fame infinite hand is 
as manifeft in the perpetuity, conftancy, and re- 
gularity of thofe motions. For without this Al- 
mighty guide and manager, how is it poffible 
that all thofe vaft and unwieldy mafies ihould 
continue their beneficial motions throughout all 
ages ? Should perform their ufeful ftages with- 
out any the leaft intermiflSon, interruption, or 
diforder that we know of ? What motion, what 
contrivance, what piece of clock-work, was 
there ever under the whole Heavens, that ever 

came 
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came up to fuch a perfection, and that had not 
fome (tops or fome deviations, and many imper- 
feftions ? But yet none was ever (o ftupid as to 
conclude fuch a machine (though never fo im- 
perfcft) was made by any other than fome ration- 
al being, fome artift that had (liill enough for 
fuch a work. As he in Cicero ^ argues from his 
•friend Pofidonius's piece of watch-work, that 
fliewed the motions of the Sun, Moon, and five 
erraticks ; that if it had been carried among the 
Scythians or Britons, ^is in ilia barbaric dubitet, 
quin ea fphdsra fa perfe5la raiione ? with more to the 
famepurpofe : no man even in that date of bar- 
barity would make any doubt, whether it 
was the workmanfhip of reafon or no \ And is 
there lefs reafon to imagine thofe motions I have 
been treating of to be other than the work of 
God, which are infinitely more conftant and re- 
.gular than thofe of man ! Or, to ufe the laft 
mentioned Stoic's argument, can it be thought 
,that Archimedes was able to do more in imitating 
the motions of the Heavens, (in his fphere) than 
nature in eiFeding them ? 

*» De N^t. Dcor. !, ii. c. 34. 
* • See the place cited at large in my Phy Hco Theology, p. 2 . 

T 2 And 
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And now to reflcft upon the whole, andfb croft- 
elude what hath been faid concerning thefe fever* 
al motions; we may all along perceive in them 
fuch manifeft fignals of a Divine hand, that they 
all fecm, as it were, to confpire in thedemonftrs* 
tion of their infinite Creator and Orderer, Far 
befide» what, in all probability, is in other partt 
of the univerfe, we have a whole fyftem of crur 
own, manifeflly proclaiming the workmanfiiip 
of its maker* For we have not thefe vaft and 
tinwieldy maffes of the Sun, and its j)lanets, 
dropt here and there at random, and movifig 
about the great expanfum, in uncertain paths^ 
and at fortuitous rates and mearfures, bwt in the 
completeft manner, and according to the ftnc- 
left rules of order and harmony ; fo as to an- 
fwer the great ends of their creation, and the di- 
vine providence > to difpatch the noble offices of 
the fever al globes ; to pefform the great works 
of nature in them ; to comfort and cherilh every 
thing refiding on them, by thofe ufeful changes * 
of day and night, and the feveral feafons of the 
year. 

Thefe things are fo evident to the reafbn of 
all men, that TiiUy might. well make his Stoic ta 
alledge this as one of his principal arguments 

for 
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for the proof of a Deity • : ** Th€ fourth caiufe, 
faith he^ and that even the chief, is the equality 
c( the motion, and the .revolution of the Hea* 
vens; thediftinftion. Utility, beauty, and order 
of the SuOj Moon, and all the {tars : the bare 
view alone of which things is fufficient to demon- 
Urate them to be no works of chance. ^ As if any 
one Ihould come into an houfe, the Gymnaiium> 
or Forum 5 when he ihould fee the order, manner^ 
and management pf every thing, he could never 
Judge thefe things to be done without an efficient^ 
but muft imagine there was fome being preiidrng 
over them, and whofe orders they obeyed. So 
piuch more in fo great motions, fuch yicifHtudes^ 
at^d the prders of fo many and great things ;— 
a man cannot but conclude, that fuch great adts 
qf nature are go verQe(l by forn^ XDipdj fome io« 
telligent beipg. 

And fo agpiin afterwards (Chap, ai) when^ 
imiong other things, he had been fpeaking of 
the motions of the planets, he thus argues, ^< I 
cannot poffibly uqderftand, faith be, how all this 
conftancy caq be aoiong the ftars; this fo great 
agreement of times through all eternity, among 
fuch various courfes (how this can be) without 

« De Mat. Deor. 1. ii. ^ 5. 

T 3 fome 
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fome mind, realon, and counfel/* And a little 
after this, fpeaking of the fixt ftars, he faith, 
" But the perennial, and perpetual courfes .erf 
thofc vftars, together with their admirable and 
incredible conftancy, declare a divine power and 
mind to be in them. And this he takes to be fo 
plain a cafe, that he that could not difcern it, 
bethinks could difcern nothing/' And then he 
thus concludes, *^ In the Heavens then, there 
is neither any chance, nor any temerity, nor 
error, or vanity : but, on the contrary, there is 
all order, truth or exatftnefs, reafon and con- 
ftancy. And fuch things as are void, of thefc 
are counterfeit, falfc, and full of error, — He 
therefore that thinks the admirable coeleflial or- 
der, and incredible conftancy, on which the 
confcrvation and good of all things depend, to 
be void of a mind, he himfelf deferves to be ac- 
counted devoid of a mind." Thus with great 
foiceand reafon, Tully's Stoic rightly infers the 
prcfence and concurrence of ^ Divine Being and 
Power from the motions of the Heavens : only 
not being aware who that Being was, he cr- 
roneoufly imagines the heavenly bodies them- 
felves to have divinity, and puts them therefore 
into the number of the gods; which error is ex- 
cellently refuted by Laftantius, in his Inftit, 
Divin, 1. ii. c. 5. &c. 

BOOK 
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BOOK V. 



OF THE 



FIGURE 



OF TRS SSVmR4rX. 



GLOBES OF THE UNIVERSE. 



-C-H A ?• I. 

THE CONSONAKCY OF ALL TH« GLOB£S IH 
THEIR 3PHERICAL FIQUR£. 

TTAVING in the preceding* Book manifefted 
the motions of the Earth and Heavens to be 
the contrivance and work of God, I ihall enquire 
in this, whether their • figure be of the fame kind> 
wifely fyited to the motions, and, in a word, to 
the whole ftate and convenience of the feveral 
globes^ fp as to ipanifeft itfelf to be the work pf 
Qod» 

Now as to the figure ; it is obfervaWe in the 
fiffl; place, that there is a great confcnt therein, 

Ti^ among 



296 ITKIFORM Fiat7R£ QF TKB QLQ9^. 

• 

among all the globes that fal} under our view, anc) 
chat isy that they are all fph^erical, or iiearly fo^ 
namely, fphasroic^ ^ Thus all (he fixe dars, ^ 
far as we are able to behold them^ either with our 
naked eye, or oyr gla0es. Thus the Sun, and 
thus all its p}anets> and thus the fecondaries, or 
Moons accompanying Saturn, Jupiter, and Qur 
Earths And although Venus^ Mercury, and our 
Moon have phafes, and appear iomet;imes falcated^ 
ibnfietimes gibbous, and Ibmetimes more or lefs 
sound, and even Mars too^ in its quadr4ture$> (be- 
comes gibbous : yet at fuch times as thele planets 
fliew their full phafes, they are found to be fphaeri- 
pal, and pnly lofe this figure by virtue of their 
ppdtion to the Sun, to whorp they owe their light. 
And this fphaericity, or rotundity, is manifeft in 
Qur Moon, ye4, and in Venus ^ too : in whofe 
greateft fa^lcations the dark p^rt of their globes majr 

f Sec Phyfico-Theol. B. it. ch. i. Note (w) 

f What I haye here affirmed of the fccpndary light of Venus, T 
have been called to as a/xount for, by an ingenious aftronof^r of 
my acquaintance. But I particularly remember, that at I was view- 
ing Venus fpme years ago, \ynh a good 34 foot glafs, when (he was 
, in her perigee, and much horned, that J could fc^ the darkened parr 
of her globe, as vye dp that of the Moon foon after her change. 
And imagining that in the )aft total eclifpc of the Sun, the fame 
might be difcerne49 I de fired a very curious obferver that was with 
me^ and looked through an excellent glafs^ to take notice of it, who 
.ffirmed that he faw it very plainly. 

be 
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b^perccive4, exhibiting thcmfejvcs under the ap^ 
pearance of a dull ^nd nifty colour* 

And a; this fph^rical figure hold^ in every of 
liie globes at a diftance from us, fo we may reg* 
Ibnably imagine our own globe to be confonant to 
the reft. But indeed we have great rcafoh to con* 
elude it to befo from the curvity of it3 fliadow in 
its eclipfes of the Moon ; from thip difcovery of 
new donftell^tioi^s in the Heavens, as wc change 
oqr henoifphere, and make approach^ tovrards ei- 
tfatf pole i fppn) cl)e furface o£ the icaj which ap- 
pears to be of this figure^ by our gradually difcem^ 
ing &r diftwt objefts, nioui|tainS| towera^ fails of 
ihipSy &c the parts of which are moreaiid tmfm 
ken, as we approach nearer and nearer to tiiem ; 
with other arguments to thetame purpofe, wfaidt 
) need not enuvaotfOj^ in a cafe nvff generaUjr ovnti 
e4 tQ \k true^ 
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CHAP. II. 



OF THE INEQirALITIES, OR HILLS AND VALES 
OBSERVABLE IN TH£ BARTH AND MOON. 

TLTAVING in the preceding chapter, dennon-% 
"*■ ftrated the feveral globes of the upiverfe to 
be fphxrical^ it is not to be underftood that chefe^ 
globes are ftri£tly {o, but an allowance is per- 
haps to be made for the difference between their 
sliquatorial and polar diameters, before fpoken of; 
but efpecially for thofe little and inconfiderable 
cxcrefcences of the hills, very manifeftly difccr- 
nible in the Moon ', as well as in our globe ; which 
I call little and inconfiderable^ efpeciaUy thofe in 

the 

' Erery one that hath viewed the Moon with but an ordinary 
glafs, efpecially when fhe is not round, may ^afily perceive con^ 
fiderabic unevennelTes ; that fome pant are manifeftly higher, and 
others lower. About the quarters, divers bright golden fpots may 
be feen in the (haded part, at fome diftance from the enlightened 
part ; and thefe may be perceived to grow larger and brighter, an 
the Ihady parts turn more and more towards the Sun ; till at laft yoi| 
may fee all the intermediate valleys between thofe fpots and the 
pthcr enlightened parts. Alfo in divers parts of ;he Moon, efpecially 
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the Earth, becaufe they are ib in proportion to the 
Earth's dianieter; as will appear by conning to par- 
ticulars. The diameter of the terraqueous globe I 
have fhewn in my Phyfico^Thcology • to be about 
7935 Englilh miles, and in this book to be * 7967 

nules: 

fuch as border on the fhaded part, there may he ohfenred to bo 
certain holes or pits, black, dark, or fhady, when the parts encora- 
pa(fing them are illuftrious and bright. And this darknefs, as if 
Hnder fome mountain, lies always on the fide next the Sun and 
gradually goes off, . as the hole, pit, or valley turns more and more 
towards the San, till at laft the whole valley is enlightened, and looks 
like a deprefled ground in the body of the Moon. All which things 
are manifeft flgnals that the Moon's furface is not even and fimootb^. 
but like that of the Earth, full of hills and valleys, 

Which opinion, although now well grounded on ocular demon- 
It ration, was as old or older than Plutarch's days, who in his book, 
dc Facie in orbe Lunx, at the beginning, cites it as Clearchus's opinion 

Etxoya; iwi^ftxttg C ivai V» ti^wXa mi (xtyaXns 0aX«t^7ifc, i«e. That what 

is called the Face pf the Moon are the images and appearances of a great 
Tea in the Moon. And about the ihiddle of that tra6^, To it foiTo^nrav 
Turi Tfotrwrov— 'i. e. As to that face which appears in the Moon : as our 
E%rth hath certain large bays ; fo we conceive the Moon is overfpread 
with large hollows and ruptures, containing water» or a thick dark att 
into which the Sun-beams are not able to enter, and fo no refle6lioi\ 
is made by them. 

As to other matters in which the Barth and Moon feem to agree^ 
asinfca, and great collections of waters, aii'atmorpheie> &6.IfbaU 
pafs them by here as improper for this place. 

• Book ii. Ch. 2. Note (2). 

' Bool; i, Ch. 9. Note (q)« 
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miles : but that of the hills is no more than a few 
miles. Snowden in Caemarvonfeirc (the higheft 
mountain in all our ifland) is but 124? yards > "* 
the Alps themfclves but about two Englifh miles '; 
j)ay, the very pike of Teneriffe, one of tlic higheit 
ridges throughout the globe (unlefs wp except the 
high mountains of Peru^ called by Jof. Acofta T 

J^eriacaca ; 

. * Xo the Jouroal of the Jatpr ingenious Richard Towoley Elq ; of 
fsiv/idiy in I^Qcalbirei I find this note upon Sept. 6, x68a. Xhis 
day Mr* Adams called here, who (s taking a furvey^ ^c. He told 
Its, that with repeated trial; he had feund Sno\ifdon4iiU 1390 yarde 
bijgber then the high-wntejMnvky iind th«t-the quick fiiver ftood 3^ 
the bottoix^at29 Inches $ at the top of the hill t$*s^ ; fothut 132a 
gave 3*04. Then follows this note, yii. ^^. Adams cpming ^n^^ 
}tUi me« that the height pf Saowdctp was hut 1^47 yards, wbicli 
fare i'c4. 

The fftsfon of thi 9 difference of 73 yards, in the height of Snov^ 

doD, I take to be« ihat the Era mcafure wm jcaade by Mr. Adam* 

himfelf, thelauer by Mr, Cafwell, with Mr. Adams's inflnupents s 

.$nd probably the former \s the height above the Tea, the latter only 

»bQTe foipe plane* 

* Mr. Kich. Facio told me, that he had meafured the height of 
the Montagoe Mauditi, whiph is one of the higheft ridges of the 
Alps, and that he found it to be 1000 French toifes above the Lakt 
of Geneva, which is e^ualto is8x6£n^liih/eet« or a'4s miles^ 

y Acofta faith, the Alps feeptied to thefe mountains he d-avelled 
over, but as ordinary houfes tq lofty towen. See my Phyf. TheoL 
B. u Ch. x.Note(w) ^ 

«Capt. 
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Pcriacaca: or that near St. Martha'; or thofc 

« 

called the Andes ■}) this ridge, I fay, is com- 
puted to be but between three and four milea 
perpendicularly above thcfea'*. All Which emin'^ 
encesj compared with the diameter or femidiameter 
of the earthy is no more than as a particle of duft tQ 
^ large globe on which it irfteth. 

And fi> likewife £br the ifioumsuns vifible in the 
Moon, although feme of them are of that height * 
as tarefieftthe light of the Sun from their Idfty 

tops, 

> Capt. tfsLmpytt fiiith, thml he it of opinldn that the hiH near 
St. Martha is higher than the pike of Teneriif^. See Voyage 
round tho WoAi, p. tj^ 

' Of the Andei of ChHi and Fent^Capt. Dampier (kith, theft vfb 
^e higheft naountaint Z ever*fiiw, far fhrpalfuig the pike of Ten-* 
trifty or Santa Martha^ and I bcliere, any mountaina in the world* 
Ibid. p. 95* 

^ See Dr. Hoeke't aecottst of the p3ce of Tenenile, frotti hh 
tnmud Mr* 6. T. who went to the cop of it ; at the end of hit 
Mhiif « toBcemlng f^rtegt, p. 42. 

f 'By lUocioli'i roeflfoeiy the height of what lie ealk Monne 
Sinai, or St. Katharine^ IfiH, h nine Bononiatf mdte^ and that ctf 
XavMlua 11^ but aeoarding to hit corre^oofi^ rivt former it boc 
S ^ milety the latter »i|. Which at the rate of 6010 Engliib feet 
an n Bononian milti it about 13 and 9 Engliih milct $ an height A> 
great, tonfidcnng hotw much the mocSk it left than ^e Banh, that 
a I can* 
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I eanAocbut think that diligent perfon was miAaken in his meafuretf 
and that the computations of Hevelius are ninth the bed i who, as 
he was as able as any man, and made more accurate aod diligent 
obfenrations of the Moon's face^ than moll men ever did, fo he 
^iras more likely to come neare/l the truth. And by his reckoning, 
the highefi hills in the moon are but about three quarters of a Ger- 
nta mile, and Tome of tbem but feVen fixteenthfe, and fome nrt 
Above an Italian mile. And confidering the bulk of the Moon to 
that of the Earth, thefe are great eminences for the Moon. 

And as the lunar mountains areoffuch prodigious height, fo many 
of them are of great extent r Hevelius .reckons the Lunar Taurus 
to reach to 170 German miles i Mount .Sepher 150 ; and the Lunar 
Appenine about 100 German miles. , 

The way how to meafure the height of the mountains of the 
Moon is not difficult, nor uncertain $ which is, by obferving the 
diftance between the.diftant golden (pots, at their firft appearance 
(which are the tops of hilU) and the enlightened part of the Moon. 
Which diftance may be computed by miles, or any other equal parts, 
into which we can imagine the moon's diameter divided. Thus in 
Fig. ^. A R B is a part of the Moon's circumference^ one part of 
which A R IS enlightened I the other part R B is in darkncfs. H i 
isamountaio, whofe top H is touched by the Sunbeams, fhiniog 
from S the Sun to R, and reaching to H. Now fuppodng' the 
lemidiameter of the Moon, R C, to be 274 German mi4es, according 
10 Hevelius, the length of the fide R H (or difbance between the 
top of the hill, and the edge of the enlightened part) will be fouod 
alfo to be a »oth, soth, or other part of that feroidiameter or diame* 
ter; or fome certain number of miles. And then we have the two 
4ide8 RC 174 miles, and.R H, and the right angle included between 
them ; by which, both the other angles, and the fide C H, may be 
found by a common cafe of right angled triangles. Out. of which 
fideC H, deducting the Moon's lemidiameter 174, there remaiacth 
the height of the mountain H i. Confult here Hevcl. Selenogr. Ch« 
viii. Galiiaeus Nunc. Sider. p. 53. Riccioli Almageft. L. iv. c 8* 
Scbol.. 
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tops, Ibme days before ever it reachcth the valleyi ' 
beneath them, yet on the Moon's limb we can dif* 
ccrn nothing of them ; but fo far from that, that, 
on the contrary, the edge through our beft glaflet 
looks like an even, fmooth, and uninterrupted 
circle ^. 

Although then vaft mountains, when feen near, 
at hand, feem to be very confiderable excrefcences 
of o\ir globe, yet fince they are litde, when 

com- 

* The edge of the Moon, which I here meaiii it that next the 

Sun ; on which I could never perceive with my beft glaflet any the 

leaft fign of a mountaiDy but all to be exa£ily level and fmooth. 

Only indeed there ari fome certain traniient rough/ieflet and uii« 

evenneifes on the limb caufcd by vapours, efpecially when the 

moon is near the horizon, aod in windy, and iD fome other weather* 

At which time the motion of the air and vapours makes a pretty 

crifpatioQ and rolling, like waves, on the Moon's limb, which have 

|he appearance of moving mountains and valleys. But on the op* 

pofite fide, if the lead portion of the darkened part of the Moon ex« 

tends beyond the enlightened part, mountains may very manifeftly 

be difcerned, exactly refemblingours on the Earth. A few hourt 

before and after the full, I. have with pleafure feen the appeai^nce 

of confiderable mountains and bays. One of which views I have 

^ given in Fig. 6. which ijp the Moon's appearance, foon after the 

^11, on Sept. 12, 1 7 14. In which feveral rifings and depreflions 

may be feen, and the tops of fome of the mountains fomewhat diftant 

are exprefled by the little fpots. 

Thefe alone I conceive are mountains which the excellent Heveliut 
fpcaks of in feveral places of his Selenography, particularly in his 
anfwer to Bertinus, and other Peripateticks, in Ch. vi. p 143. who 
denied that mountains could be in the Moon, a$ well as many other 
things diicovered now by the telefcope. 



^l tnfEQSAi itTKPAet OF tAt^ftl AND itO^IT^ 

<»>mpared to the globe itfelf^ "Oit may lobk upoif 
Dur own^ and ^ the reft of the globes^ as if they 
were perfed fpheres, or at leaft fphacric^ds. And 
finding them to be fudi, let u^ iitxt enquire 
what reaibn there is to imagine this thdr form tat 
have been the great Creator's work. 



I 
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THE ITNIVERSALITY AKP UNIFORMITY OF THE FI* 
GVKE OF THE SEVERAL GLOBES OP THE ITNIVERSE^ 
IS A SIGN OF THEIR BEING THE WORK OF GOPj 

voT ofx:hakce or necessity. 

WHEN we fee divers pieced of curious 
device and workmanfliip to bear the 
feme marks of arty to have the fame mafterly 
ftrokes of painting, clockwork^ archited^re, &c« 
We conciudcj with great reafon, fuch piece* Werd 
Oiade by the fame fkilfui hand. So when wd 
fee the (ame commodious fphaerical- figure to bd 
imparted tb the Earth, ahd all the heavenl]^ 
bodies, we have as good reafon to conclude them 
to be pieces o€ the fame hand, contrivance* ahci^ 
iiiror-ks of the fame fkilful archited. J^or if thef 
univerfe . had been a woilc of chance, all th^ 
feveral globes would haVe been- of feveral ibrmsi 
one of this, another of a c^uite diftreat figure i 
dne fquare, another multangular, another long^ 
and another of another ihape. Or if all the 

U feveral 
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feVeral globes had been a work of neceffity^ and 
their figure had been owing to the natural ten* 
dency, or gravity of matter, viz. that the felf- 
attrad:ing power of matter did make all the folids 
and fluids of all the feveral globes, as naturally 
run into a globofe form, as a drop of quick* 
filver doth : yet flill wc may demand,, how carr^e 
matter by this fo commodious a power : What 
made it alTeA fo proper a formal but the iafinite 
Creator's fiat ? 

But not to conteft that point, but granting 
gravity to be congenial and coeval with matter, 
without enquiring how it came by that power, 
and allowing that every globe in the univerfe 
had its form from the felf-attradting power of 
its m&tter, yet ftill we have undeniable marks 
of final caufes, of wife order, and an over-ruHng 
power in the cafe. For let us imagine our ter- 
raqueous globe in the chaotick ftate; all its 
matter, every particle of it divided, and float- 
ing about, and ready by its felf-attradtion to run 
together into its natural form, that of a globe : 
In this hurly-burly, this jumble of unguided 
nature made by.attraftion only, a cohfufed glo- 
bofe mafs can be fuppofed to be formed 5 but 

without 
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without any order^ without that convtnient lodg* 
ment of its parts^ as the neceffities of an habitable 
world require. But inftead of any fuch figns 
of diforder^ or of nature's ading with an un* 
guided power^ we have the clean contrary ; all 
fignals of a wife contrivance, and excellent; art ; 
as will appear in the following Chapter* 
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THE TERRA<UrEOVS AND OTAEK CLOSES APPEAL TO 
BE THE WORK OF GOD, FR0|4 TH£ WISE PIS^ 
FO5ITION Of THf IR PARTS, 

AS the Earth, and all the other globes, 
would have been of various forms, if they 
had been made by chance, or would have been 
confufed maffes, if made by neceflity, according 
to the laft Chapter ; fo in this I iball Ihew them 
to be the work of a wife and a kind agept, from 
the commodious ftrudture apd difpofition of their 
parts, fo far ^s we have any knowledge of them. 
Thus the Moon hath great appearances of being 
no lefs cQmmpdioufly than the Earth, divided 
into hills and valjeys, (as I have fet forth in the 
fecond Chapter) into dry lands, and great coj- 
led^ions qf waters % ^n4 tQ tie pncomp^ff^d with 

* That there are Teas, pr gr^at coUcAions of waters in the MooDi 
is highly probable from the Moon's fpoiff, wKich plainly feera to be 
water on th«(e two accounts: i. Becaufe thofe fpots appear to be ia 
^ai( ^4 (cvel Ipni; P^n^s, when vi^wc^ ^tput tbf Moon's quarters. 
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fin atmofphere aS we are^ So Jupiter^ although 
at fo great a diftance from us, hath manifeftly^ 
we fee^ his lighter and darker parts j his belts ap4 

fpots 

91 fath times as dne half of them art enlightened^ the q£her half In 
darkncb. In this cafe^ when we do not look dtre6Vly upon the ^ 
(ilancs, or fee them wholly enlightened^ but view therti in a manner 
fide ways, their furfaces look as the fea doth wb^n we.riew it.frofXi 
the iho^ej viz. a large lev.el plane : only we may now 9nd then dif* 
cern a bright ihining part ftanding a little otit of the large levels^ 
which are, no doubtj certain rocks or iflands in the tliidft of thol^ 
feas : a. The darkaefs of ihofe ipots more than other jxitjts of t|ia 
Moon is an argument they are water, .or fome ifuch like tM^i 
tnrhich imbibes the SunS rSiys more than biu*der b(;fdies, and doth 
tiot therefore fo rigoroufly reflet them as they 'do. According!/ 
iboiit the Moon's quarters^ when thofe fpotSf as X faid, hare .(he ap<* 
J>earance of long planes, we may obferve their edge to be a kind #r 
hazy border, which grows darker and darkeri as th|B rays are mors 
and more abforbed^ 

But iiideed hard bodies, if they hurt fmootti ^urfn^eei, dthpttgh 
they reflet Arongly to one place^ yet in other plae,es they are lefa 
Vifible^ Thus a looking-glafs, a diamond^ ke* refle£l tigoroufly 
the din's rays towards one part, (b as to dazzle the eyes i but in 
other parts they appear of a dark, Uackilh hue^ Which| by f^a 
bye, is the reafon wby jewellers gr&d their diamonds with many 
fides and angles^ that their luftre may appear many ways* So filvet 
(as Galilaeoobfervesi Dial* i.) when boiled only in argol «nd ialt^ 
appears as white as fnow | but wherever it is .bumi(Iied^ it fxcpu^ 
obfcure. And fo he tells us, jrightly enough, the Moon would 1^^ 
come invifible to us, if its furface was not irough^ but (leek and 
fmootb* See alfo Herelii Selenogr. chap, ti^ p^ 151. 

s That there ti «A »Uno%here tbom the Abpa, fee Jhok fii^ 
•hap. 3. Note i« 

V3 
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fpots darker than the reft of his difk. Thefe Mr* 
Caffini (who lotiget viewed this platiet than any 
body elfe) takes to be cattals containing fome 

' fluid matter, or water, that more weakly refleds 
the fun's rays than the other parts of the planet 
doj and that they have fome refemblance with 
what happens here upon earth ^, " For if,*' faith 
he, '^ one from on high in the heavens Ihould fee 
the earth in fothe particular fituitions, the fea 
which encompafleth the earth would appear very 
like the great fouthern belt that encompafleth the 
whole globe of Jupiter i the Mediterranean fea 

. would make an appearance not unlike thofe belts 
which are interrupted or broken, which we fee in 
this planet: the other feas would make thofe 
great black fpots which never alter at all : the 
continents and ifles would feem like thofe bright 
fpots that are alfo permanent; the fnows would 
make thofe glittering fparkles [brilliants] that 

. from time to time difappear : the flux and reflux 
of the ocean, and thofe great inundations that 
happen fometimes here, would occafion other 
fpots to appear and difappear: the moon would 
refemble one of Jupiter's fatellites : in fine, the 
clouds of our atmofpTiere would refemble thofe 

broken 

^ Nouvellct Decouvertes dt Jupiter ; par M Cafllnii iii the ^fe* 
anoirt de Mathem^ ScdePhyfiquefor Jan. i€9s. 
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l^roken interrupted belts, and thofe tranfitpry 
fpots> which often change their Hie and figure, 
and have motions of different velocities/' 

Thus that ingenious and curious obferver : 
according to whofe hot improbable opinion, this 
planet Jupiter hath all its parts orderly placed, as 
IS here upon earth. 

And fo for the reft of t;he planets, whofe faces 
exhibit different appekrances of brighter and 
darker parts, as Mars ai|d Venus particularly do /, 
. it is highly probable> f hat thefe may be fuch a 
diftribution, fuch an allotment of parts, as thoie 
in Jupiter, and which are more plainly viiible in 
our own globe. 

Which brings me to fpeak particularly of our 
• own globe, of which we have a nearer view, and 
can plainly fee the foot-fteps of Divine Pro- 
vidence in the wife and orderly difpofition of 
all its parts : which are fo diftributed, fo placed, 
as may beft minifier to the feVeral ufes and con- 
veniences of an habitable world. Thus, for in- 
fiance, the two graiid parts, the folids, and the 
fluids of the terraqueous globe, inftead of being 

U 4 jumbled 

^ See Book IV. Chapter iii. 
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jumbled into one mafs^ are adminfaly parted, and 
^s nicely laid in proper .plaoes. The eacdi de- 
pofited in ufeful ftrau ; fome for the fervice of 
the vegetable kingdom; fome for the generation 
and nouriihmqnt of minerals and m^als ; fome 
for that of Hones and foffils ; and fome for the 
fweetenipg and conveyance of the waters. Aqd 
here it is remarkable, and an argument of a wife 
defign and appointment. That all thofe feveral 
firata, or beds, are lodged at proper and con* 
ventent depths and diilances from the furface j 
that for vegetables, the uppermoft, for jevesy 

m 

man to cultivate ; and thU divided into vaBioiis 
"foils and moulds for all the varieties of tceea dad 
plants; thofe flrata that contain the nmKirals, 
metals, and foffils, at fuch depths, a^ to be out 
of the way, when they may encumber or hurt 
Us, but may be come at by us, when we have 
occafion for them : and as for thofe flcata. that 
convey the fweet waters \ it is very iemarkablr» 
that they are fp univerfal, in all, or moft parts of 
the world, that they confift of fuch proper per- 
vious matter ; that they r^emain fo difiinA fron^ 
and unmixed with the other ihrata ; and that they 
lie at fuch due depths, as either to break out in 
fountains, or to be dug into, for wells. Sut I 

fliall 

I Sm Fbffico-Thcol, B. n. Chiy. 9^ 



&all not eirlacge on th^fc i^atters^ halving fpok^ 
pf th^tn elfewhere. 



And as this fo commodious a diilribution of 
the earth J fo th^t of the w^tter^ls fijnanjifeft de- 
inpnftration of the concern of a wife ^^^nt, 3I* 
though we Ihould afcr^be all tliatis p<^ble tp }fc 
nfcrtbed^ to tbe«nece0i^ies of nature in tjbte fpri^ 
^ion q( che world. For the waters^ if w^e q4)- 
ferve them well^ are accurately .-di^Ms^fed; ^9fl 
lodged about the world for the proper ofEces 
thereof; in feas, in lakes^ in rivers^ and In 
fountains, to fatisfy the thirfi of animals, to af- 
ford thenci fome part of their food, and to mini* 
fter abundant fupplies of vapours for the clouds^ 
the rains, and winds : which fupplies muft either 
have failed, or been too abundant, or have been 
attended with fome or other great inconvenience^ 
without fuch a commodious intermixture of the 
land and waters. 

This xt/yayaT^^, as thc LXX tranflate it, this order* 
ly gathering together of the waters, is implied in 
Mofes's relation of this branch of the creation, 

« 

Gen. i, 9. ** And God faid. Let the waters 
*^ ujif^r the Heaven be gathered together unto 
^* one place." Where the Hebrew word Ikkavu, 
denotes a regular and orderly gathering of the 

^ waters^ 
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waters^ as if their allotment had been made, 
their receptacles had been marked out by a rule^ 
or a plumb-line^ by the Creator's fiat. 

Thus it is demonftrativcly plain, that the earth 
and waters were laid by a wife hand ; and there- 
fore whatever concern nature might have in giv- 
ing a fphserical figure to our globe^ yet was the 
Creator the principal agent, the grand manager 
of the matter. 
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CHAP. V. 



The convenience and necessity of a Sf»HiERICAL 
FIGURE TO the GOOD OF THE GLOBES^ IS AN 
ARGUMENT THEY WERE THE WORK OP GOD. 

TDESIDES the orderly and commodious placing 
the parts of the fevcral globes fpoken of in 
the laR Chapter^ there are ftill other reafons to 
afcribe the fphcricity of our own and the other 
globes to a wife agent. For befides that this 
figure is the mod agreeable to a worlds as being 
the moft capacious ; and the moft agreeable to a 
mafs in motion^ as being at a due diftance from 
the center of motion and gravity ; fo without 
this figure there could have been no fuch com- 
fortable and agreeable alterations of day and 
night, of heat and cold, as now there are, but 
fome parts muft have been for too long a time 
Ikreened from the kindly approaches of the fun 
and moon, and confequently have lain under too 
long and uncomfortable a darknefs, and been 

. chilled 
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chilled with miferable cold. And as to olir Owfl 
globe, the winds could not have giveh thoie 
kindly and falutiferous agitations to the air as 
they do, hut they muft have been too raueh re* 
tarded, if not wholly (lopped by the exorbitant 
angles and jettings out of other figures. And^ 
laftly, the waters which I Ihewed to be well in- 
termixed with ^ry land, would have had intoler- 
able confluences j one part too much^ another 
none at all ; no vapours, no fountains, no rivers i 
fo that inftead of an habitable, well-ftocked 
world, far the greateft part would have been 
either g defar^, or ao unncceflfary confluence of 
iwater. 

Thus' having made it evident, that partictilaf* 
ly our own globe received its figure by the direc- 
tion of the infinitely wife architedt of all thidgs i 
we hav« reafon, had we none befides, to cpo- 
•clude the fame of all the reft of the globes of the 
univerfe, in^fmuch a^ they agree with o>urs iil 
pther things as well as in their figure, fo far as 
we have any knowledge of them, and their ftate* 
Thus the planets of the Solar fyftem have theif 
light from the fun as well as we ; they turn round 
on their own axes, and revolve Vound the fun, 
and conicciuenrly have their days and nights, 
their futumers and winters, as well as we : they 

have 
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have their hills and valleys, as I faid, their land 
0nd waters, by all the figns that may be, as well 
as we ; aqd therefore agreemg whh our globe in 
fo many of thofe very things, wherein their 
figure is concerned, had we none of thofe reafons 
I have already mentioned, there would however 
be great reafon to prefume the fame thing of 
them, as of our earth, viz, That they received 
their figure from th^ fatpe wife Creator, smd that 
(were we near enpugh to behold them) they h^V^ 
»; maRifeft fignals of it as wc h^ve, 
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ATTRACTION or GRAVITY 



OF THE 



Terraqueous and the other Globes, 



CHAP, I. 

THE irSEFULNESS OF ATTRACTION! IN THE PRODUO 
TION AND PRESERVATION OF THE FIGURE OF THB 
SARTH^ ANP THE DESCENT OF HEAVY BODIES* 

TTAVING in the two laft books treated of the 
* motions and figure of the globes, I fliall in 
this confider their gravity or attra&iqn, which 
according to the modern Philofophy, (which 
hath great realbn and probability on its fide) hath 
a great agency in both thefe matters, both in 
eife&ing and preferving the figure of the globcsi 
and governing their motion. 
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As to the agency of the natural attradlion of 
matter in the produdtion and prefervation of a 
fphasrical figure, as that of the feveral globes is, 
befides what hath been before fuppofed, it may 
be coUedled from the fphasrical figure which moft 
fluids take, whea there is no obftacle to hinder 
their doing fo. Thus I have faid quickfilver 
njanifeftly doth, cfpecially in fmall drops or 
cjuantities; in which cafe their own felf-attraft- 
ing power is equal to, or exceeds that of the 
earth : fo doth lead and other metals when in 
ijuxion ^ ; fo doth water, oil, and in ihort, all 
liquids, which run nearly into a fphxrical form, 
when hung on a fmall furface 5 as at the point of 
a pin ; or into an hemifphasrical figure, on a 
broader furface ; their felf-attradion caufing the 
former, as that of the earth and the furface on 
which they lie, doth the latter. Thefe phano- 
mena have indeed been afcribed to divers caufes, 
moft of them probable enough, except the pref- 
fur^ of the incumbent air ; but this is manifeftly 
not the true caufe, by reafon the cafe is the very, 

fame. 

* This is very maoifeft from the making of fliot. The way of 
d«ing which, is by running the melted lead through a ladle fiiH of 
holes into cold water. In doing which they take care their lead be 
not too hot, becaufe the globules would then fly to pieces ; nor too 
iold, becaufe it would then be long and have tails ; but in a due 
temper it turns round. They put orpiment into their lead, whca 
they melt and prepare it for (hot. 
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fame in the air-pump (when the pteflure is taken 
Oif) as in the free air ; and therefore fome othct 
taufe is to be found : and ^hat more probable, 
Cr fo probable as this of gravity or attradion, 
which manifeftly exerts itfelf in fome, and is 
fcighly probable in all material things™ ? In the 
iarth itfelf there is manifeftly ftich a thing as 
gravity, which might as well be the natural 
caufe of the fpharicity of our globe, as it is in 
that of leffer mafles ; but then, aS I demonftrat* 
ed fn the laft book, it is alfo evident, that an 
over-ruling Power, and a wife Pfovrdenee, not 
only gave matter this gravitating power, but 
guided and managed it in the formation of tht 
tvorld* 

And now upon fuppofition that gravity haJan/ 
thing to do in the production of this fpharical 
figure I am fpeaking of, the fame it muft have 
alfo in the confervation of that figure. For the 
fame power it exerted at firft, it retains ftill ; 
which is as neceffary ftill to the preventing* and 
obviating all extravagant excurfions, and devia* 
tions from that figure which may happen through 

extraordinary ^ 

« 

» For th« proof of tWi, I fiiall refer to Sir Ifaac Newton's 
Opticks, Qucft. 13. of thefticoDd edition, and in his Principia, i» 
many pUcps, particularly 1, iii. Prop. 5,. 6, 7* 
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extraordinary commdtions and convulfions in any 
of the globes; fuch as earthquakes are, and 
Other fuch like furious concuffions and emotions 
that fometimes befal oui" own globe* 

But leaviiig thefe Coirjedtural raattets, let us 
come to a more evident benefit 6f gravity, and 
that is the natural tendency of all bodies to the 
centre of the globe : this is very irianifeft in our 
own globCi For whatfoever the decays arc 
among earthly things, howfoevcr their forms are 
changed, yet their matter remaineth entire, and 
f eturneth again to its graild parent the earth i or, 
ito put it in^ Solomon's words, £ccK i. 4* *^ One 
^' generation paiTeth away, and another genera- 
^^ tion Cometh : but the earth abideth for ever. 



« ' 



And an admirable provifion this is for the per- 
petuity of the globe^ and to continue the ftate 
and habitability thereof throughout all ages^ 
which would otherwife wafte and decay, or run 
into the maft irreparable and pernicious diforders. 
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CHAP. II. 



THK GUARD WHICH GRAVITY AFFORDS AGAINST 
, THE CENTRIFUGAL FORCE OF THE SEVERAXr 
GLOBES. 

T TPON a fuppofitiop that every of the globes 
%J revolves round its own axis, (which I have 
fufEcieiltly proved in the fourth book) we Ihall 
find, befides the benefits already fpecified, an- 
other very great ufe of gravity to the good, yca^ 
the very exiftertce of our own and other globes, 
and that is theprefervationof theirintegrityagainft 
the centrifugal force of this their revolution or di- 
urnal motion. For without fuch a band, as gravi- 
ty, to keep their parts together, the whirling about 
of thofe globes would ihatter them into pieces, 
and diffipate them abroad into the circumambient 
fpace. Thus muft it needs befal our own globe, 
which whirls about at the rate of above looo 

miles 
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tniles an hour °^ and is compofed of earth and 
tvater, materials of much too loofe a texture to 
prevent the diffiparion which the centrifugal 
force of fuch a rotation muft neceflarily occafion 
about the ^equatorial parts, a rotation that would 

^ • • • 

as eafily throw off' the parts of the earthj efpeci- 
iilly the waters,^ as the whirling round of a wheel 

• « ■ 

or a globe^ wouldtl^e loofe duft and water lodg^ 
ed thereon^ But by rfeafon the gravitating power 
exceeds the centrifugal as a 1 74 exceeds 7 54064% 
that is above 288 times ; therefore all parts lie 
quiet and fecure in their refpe£tive places^ and 
enjoy ail the benefits, which 1 Viewed do ac" 
eompany this motion without any difturbanco 
from it< 

Thus is our own globe guarded by its gfavicy 
figaintf the teiitrifugal force of its rotation/ But 
this is far more remarkable irJ fortie of the othef 
globes. Thus pafticularly in the fiin, whbfe 
iimbit is 2582873 miles^ and. whirls rou&d once 

* The diameter of t(ie earth being i^^ft miles, according tor 
b. i. chap. 2. note i. the Ambit thereof is i503i'4 miles, which be- 
ing divided into 24 hourf^ maker the revolution to be at the rait of 
i043 milte an how. 

* This is the proportion, or nearly fo, of cl^'e ^vifatin^ to th« 
centrifugal force of the earth under the equamr, as may be «0i^ 
pmed from Sir Ifaac lSkwton*s Princip. 1. iiiv Piop. »9« 

X 2 
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in about %^\ days, and conlequently doth revolve 
at the rate of 4262 miles an hour p, which is 
above four times as faft as the earth ; this in a 
little time would endanger its diflipation, with- 
out fuch a provilion as gravity is. 

But what is this to the centrifugal force of 
Jupiter ? whofe bulk far exceeds our terraque- 
ous ball, and whofe rotation is performed in lefs 
than half the time. But from a computation of 
particulars we ihall better eftimate the matter^r \ 

The diameter of Jupiter being 120653 nrfles, its 
circumference is 379043 miles; which revolv- 
ing round in left than ten hours, is at the rate of 
38159 ^mil^ an hour at its aequator. And if 

the 

. r The San'^ dhmecer being Sff2r48 onUirsiy the nmnbers hem 
^gaed will mtunUy follow. 

. As to the S^a'B graTity or attiufkive power, it is (by the calcula* 
tion of mj frtcn^f the acuie and learned Dr. Halley) to the Sun> 
centrifugal force/ as 47000 to i : the method for finding vvhich^ 
'tit note (r) p. %z\^ 

\ Jupiter'* ambit being 17^043 miles, and his revolution 9 br 
56% or 596 minutes ; the revolution in an hour iS| tjr ike loga* 
.rithmty thus : 

596 minutes 2*77S24^5 

379043 miles 5-57^6^^4 

:rAo Runutef i'77S<5>3 

7-35^*397 

» _^_^__^^ 

38159 milct 4-48I59J4 
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the denfity of every planet be proportional to its 
diftancc from the fun, as is now with great rea- 
fon imagined, that is, if thofe planets neareft the 
fun, as Mercury and Venus, are proportionably 
denfer than thofe more remote, as Jupiter and 
Saturn; then is the globe of Jupiter of a laxer 
texture than ours is, and in fo much the greater 
danger therefore of being whirled to pieces by 
fo rapid a motion as that planet maiufeftly hath, 
were not its parts kept clofe together and fedatc 
by fuch ^ band as gravity ^ is- 



' The prpportion of Jupiter, or any other planets, or the fun's 
gravity, to their centrifugal force m^y be computed from the ma(t 
fagacious Sir Ifaac Kewtoa's Princ»p. i. iii.Prop. 8. & 19. But the 
before^commended Savilian profelTor fuggefted to me this ealierand 
c^uickcr rule, for fuch planets as have facellites, viz. The propor- 
tion of the centrifugal to the centripetal force, or gravity of any 

. planet at its furface, is compounded of the rapo which the cube of 
tht feroidiameter of the planet ha:b to the cube of the didaoce of 
uny of its fatel!ttes from the ctQtre of that planet ; and the ratio 

• which thefquareof the fatellites periodic time Imih to the fquaresof 
the periodic time of the planet's revolution. Thus for inAanoe, tke 
<iiAance of Jupiter's outermoft fatellite being 253 r«n>idiamcters of 
Jupiter, and its period 16 days, 16 hours, 3Z minutes, or 24032 
minutes, and Jupiter's revoiutipn 526 minutes } we Hiall find the 
gravity in Jupiter's furfi^ce (o be to his cenuifu|^ hrct in bi» 
^equatori as 1 to 9 '9 6. 
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CHAP. IIJ. 



OF THE POWER AND USEFULNESS QF GRAVITY TO 
RETAIN THE PLANETS IN THEIR ORBITS. 



T^OR a conclufion of this fixth book, I Ihall 
- tjike notice of one more remarkable benefit 
of gravity, which is grounded upon the fuppq- 
fition of the truth of the Newtonian philofophy; 
which hath fo good grounds, and gr^at reafon, I 
might fay demonftrations on its fide, particularly 
in this matter, that, admitting of it here, we 
ihall difcover another admirable work of the 
creation, and that is, the preventing the cvaga-r 
tion of the planets, and the accurate 'retaining 
them within the due bounds of their orbits. 
That this is done by gravity, and that gravity 
and motions folve in the moil complete manner, 
all the phaenomena of the planetary motions both 
primary and fecondary, is abundantly made out 
by the wonderful fogacity of the great Sir Ifaac 
J^ewton ; as may be feen in hi$ Principia. 

But 
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But before I come to the particular agency of 
gravity, it will be neceflary to premife fomething 
concerning its nature, and fome of its properties, 
viz. That gravity is not terminated at the fur- 
face, but reaches to the very centre, and is ex- 
tended to immenfe diftancesall round the centres 
of all the globes : by which means the cceleftial 
bodies are enabled to have fyftems of lefler globes 
iTPVplving about them. For had the force of 
gravity determined at, or near the furfice, (as 
it might have done, if intended only for the 
confervation of the globes) in this cafe, all the 
)x)dies that were put in mption, and that were to 
pafs at fon^e di^anc^ from them» would move oa 
in a {trait, not curved Uqe, aiid be loft m th^ 
great abyfs of fpape. But the alUwife Creator 
hath, in his |ir(t production of matter, bellowed 
upon it fuch a property, as that every particle 
therfcof hath a tendency towards every ptber par- 
ticle. From whence it comes to pafs, that every 
body hath a gravitating power, according to the 
folid content or real quantity of its master, and 
pot according to its fuperficies, or extension. 

And this gravity of ^11 bodies is obferved, 
manifeftly to decreafe in proportion of the fquare 
of their diftancps reciprocally ; that is, at twice 
(heir distance the force is but one fourth of what 

X 4 it 
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it was at a fingle diftance ^ and but' s( ninth at 
thrice the diftance. &Ct 

That this is fo, is abundantly proved by the 
laft commended author; who^ by eftablilhing 
this one principle in philofophy, hath fully ex- 
plained the fyftem of the world, fo far as re- 
lates to us, and to all the reft of the planets, that 
regard the fuij z% ^ fcntre, both primary and 
fccondary. 

What the caufe flf gravity is. Sir Ifaac New- 
ton doth riot pretend to aflign^ his dcfign being 
not .to engage himfelf in framing hypothefcs, 
but to explain the phsenomena- by experiments 
only, and to raife his noble fuperftrudurc upon 
them^ And therefore, although the matters of 
faft, and the final caufes are evident, I wil4 not 
venture to fay how it caine to pafs, thAt bodies 
aft at fuch immenfe diftance^ upon one another; 
but chufe rather to acquiefce in aiioring the wif- 
dom and power of the Great Author of all 
things, who hath infpirited the materials of which 
the world confifts, with fuch ai^ aftive quality^ 
as feryes not only to prcfervp the globes them- 
felv^s entire, but to enable them to revolve aboiit 
their luminous centre (from wjience they have 

Jbeir 
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their light and heat) in orbs that are the ma& 
(:ommodious^ an4 alio fi^t an4 permaneac. 

Having thus p£en:iifed what was neceflary for 
the underftanding the nature and properties of 
gravity, I flmll proceefi to confider its agency in 
the planetary qiocions^ And here we have diverr 
things^ which plainly demonfirate thefe motions 
to be no matters of chance, bv&t the wprlcs of an 
infinitely kipd, ^s well as omnipotent and all- 
wife Agent, 

I have already in book iv« chap, ii. taken no-* 
lice of the motion of the planets being made, 
not in lines tending fron^ the centre to the cir* 
cumference, or very obliquely thereto, but 
acrofs^ or nearly perpendicular to the radii. Abb 
'that the motions ^n4 orbits of the planets do not 
tend contrary ways, or toterfere with one another. 
That therefore which. I fliall fpeak of here, coii>- 
cerning the planetary morions being the work o£ 
Gk>d5 will beonly fo far as gravity is therein con« 
cemed. And, 

I. It was a very potable provifion to pre- 
vent the evagation of the planets, and keep them 
within their due and proper boimds, to bridle and 
detain them with gravity, as with ib many reins 

and 
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and bridles. For as the natural tendency of all 
impreft motion is in flrait lines, fo when motion 
was given to the planets, this motion (although 
ds I faid it was artificially made, perpendicularly 
to the radii, yet) would carry them quite' away 
in their tangents, fo that they would never return 
again. But being thus detained by gravity, 
another admirable provifion is, that, 2. They arc 
moved in orbs : which orb^ are formed of a mo- 
tion compounded of this rectilinear impu-lfe, im- 
preft upon the planets, and the tendency of their 
gravity to the centres. In which motion a third 
thing very remarkable is. That the impulfe or 
velocity which is imparted by the fir.ft mover to 

m 

every planet, and the gravity pf each planet, arc 
fo nearly equal to what is required to make a 
body defcribe a circle, that the orbits of the 
planets are not very • eccentrical, bqt nearly citr 
cular. As is particularly remarkable in Venus, 
and the earth ; and more efpecially in the whole 
fyftem of Jupiter^s fatelUtes. And an admirably 
work this is, For ihould the velocity of any 
planet hp double to what would m^ke it move i(i 
a circle^ the planet would go away in infinitumy 
without ever feturning again in any orb whatfo- 
cver. Or ihould one half qf the velocity be taken 
away, the planet would defcend obliquely to- 
wards th^ fun, until it became four tinges nearer 

the 
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Che fun than before;' and then afcend again to its 
former place, defcribing a very eccentrical orb. 
And by afcending and defcending alternately, it 
would be heated fixteen times more at one time 
than another. Which uneven heat would make 
the planet unfit f6r habitation. And the fame 
thing would happen, if the determination of its 
motion ihould be altered, fo as to become very 
oblique to the radius drawn from the planet to 
the fun. But thefe things being accurately ad» 
jufted, and contempered, make the whole fyflem 
to be a work of incomparable convenience and 
beauty ; a work the beft contrived for the benefit 
of the world's inhabitants, and to fet forth the 
curiofity aiiid ikill of the infinite Workman. 

It is manifeft therefore that the fyllem of the 
planets is not to be reckoned a matter of chance, 
or a thing owing to a neceffity of nature, but the 
work of a kind and wife Agent. And that this 
is fo, will be farther manifeft from the cafe of 
comets, whofe motions, dire&ions, and orb9» 
being utterly different from thofe of the planets, 
demonftrate the planetary fyftem to have been 
p>odeled by counfel, and not by a neceffity of 
nature, or left to phance. For as for the motion 
of comets, it is f6 far from being always the fame 
way, that |:hey mpvp fonaetigaes contrary to oqc 

anothert 
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another* And as for their planes and diredtions, 
, they lie every way. And as for their orbs, they 
ate exceedingly eccentrical. And by the bye 
this eccentricity is an admirable contrivance of 
the Creator, to prevent the comets from difturb- 
tng either the planets, or one another, by their 
mutual attrafi;ions« For by this means, they 
have a large and fufEcient room to revolve in ] 
and by afcending to very great heights above the 
fyftem of thje planets, and fpending almoft all 
their time in the remote regions of the univerfe, 
at vaft diftancesboth from the planetsi and from 
one another, they do not incommode either the 
planets, or themfelves ; as otherwife they would 
have done, ihould they have moved ia the iame 
plane with the planets* For had they done fo, 
they would have been aprfomettmei» to have come 
too near the planets and have difturbed their 
motions, and perhaps have daihed upon them 
alfo. But atl thefir circumilances are fp well ad- 
jufted, and fb wifely regulated by the Divine 
Providence, tiat the fvftem cwld not have 
been better contrived, either for conveni^pce or 
beautv. 

And now upon this highly probable, I might 
fay phyfically certain, theory of gravity aiSing 
in die motion of tJie globes, we have another ex- 

♦ quifuc 
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quifite nicety in the works of the creation, that 
juftly deferves the greatcft admiration and praife; 
that among fo many immenfe moving maffes, 
they Ihould all obfcrve their due bounds, keep 
the moft proper paths appointed for their con- 
venience and good, and at all times anfwer the 
great ends to which they minifter in the creation. 
Particularly, that the liabitable globes ihould al- 
ways remain at fuch due diftances, and move in 
fuch proper orbits, as are beft for them. And 
that the comets too, ihould at the fame time pafs 
in paths utterly different, but yet fuch, in all 
probability, as may render them alfo of very • 
great ufe to fome or other parts of the world ; 
whether we look upon them as places of torment 
(as hath been faid) or bodies appointed for the 
TcfrcJhment and recruit of the fun, or any of hi« 
planets, as Sir Ifaac Newton conjedureth in his 
•Principia, 1. iii. Prop. 41, & 42. 

' And now from the confideratien of what I have 
fliewn in this iixth boo^k, to be either highly pro- 
bable, or very certain concerning gravity, we 
have another manifeft demon ftration of the in- 
finite Creator's wifdom and care, and another 
cogent argument to excite the highelt veneration 
and praife in his creaturoc. 

boos; 
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CHAP. t 



#F THE T-reHT AND HEAT OF THE ttXT STARS ASH 

SUN, 

A S light and heat are two of the mo({ ufeful 
■^^ things in th^ univerfe, fo the infiaitely wile' 
and kind Creator hath made an excelknt provi- . 
fion for thefe things^ in all probability for every 
globe throughout the nnlverfe^ but particularly 
for thofe of our own fyftcm. For it is very 

ft 

fnanif(rft that eyery globe we fee^ doth ihine with 
its own native, or with borrowed light.. Eveti 
all thofe immenfe bodies at the jgreateft diilance 
from us, the fixt llars^ which^ I have before iaid^ 

are 
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are probably Co many funs^ it is light they mani<* 
feftly dart as far as to our fo diftant globe, as 
well as what they emit for the enlightening^ 
warmings and cheriihing theii^ own refpe£ttvc 
planets. 

But 1 fhall forbear to launch out into thofe 
conje(5lural matters, and ihall come nearer home 
into our own fyftem, where we have enough ta 
entertain o\ir eye, to captivate our thoughts, and 
to excite our higheft admiration of thefe mag* 
nificent works of God j whether we furvey the 
great fountain itfelf of our light and heat, the 
fun ; its due pofition, and its wonderful ufe to 
its planets ; and the incomparable provifions that 
are made to fupply its abfence and greater dis- 
tances from them. 

And in the fir ft place, as to the fun itfelf ^ 
what power is there that the moft extravagant 
fancy can Imagine to Itfelf, that could ever be 
able to make fo prodigious a mafs of fire as the 
fun is, but only the power of God's almighty 
hand ! a bddy of fo immenfe a bulk as I have 
fliewn it is, and of fuch an exceflive heat, that no 
greater number of its rays than what fall within 
the compafs of a two or three inch burning glafs, 
ihall adually burn ^ and what fall within the 
I compafs 
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compafs of not many feet, fliall far exceed the 
ftrongeft culinary fire in the earth ; as is manifeft 
from its almoft tnftantaneous burning, and vitri- 
fying the mofl obdtMrat^ incombuftiWe bodies, 
fuch as not only green wood, and white 'bodies, 
but alfo ftones, bricks, metals, yea gold itfelf 
(the bardeft of all metals to be wrought upon by 
fire) which yet is melted down in a few minutes '• 

Thus the infinite power &nd wifdom of God 
appear, in the appointment and make of that 

immense 

* The famous Inirmng^eoiicave «t Lyons of ^o uMhes diametei^ 
«nd .others in France and Germany of greator breadths, have been 
celebrated for their feats in burning, calcining, and Titrifying both 
iMteiliok and other bodies. But I queHion whether any of them 
ha?e come up to the burning inftrument contrived by, and made for 
Sir Ifaac Newton, and by him prefented to the Royal Society. It 
confifts of feven concave foiled glalTes, each of them ii inchea 
diameter, which are all fo placed as to baiFc their foci concur in one 
poinu By which means the heat is foincreafed, as in a furprifing 
manner to perform ^e fc«ts here nkentioned^ and many ether* fuiw 
pafling them. 

Having mentioned thefe bttmiag-coDcaTcs, it may be of ufe cm. 
fevenel occaHons, and. particularly for the cheap trying of experi- 
ments, to take notice of what was related to me by a perCbn of very 
high <;[uality : who doing me the honour to talk with me about fuch 
concaves, told me, that in Germany one Mr. Czbernhaufen, a 
Siieiian gentleman, made divers very lar^ge toncaves with paile^ 
board ; which were covered over with a kind of pafte or foil, that 
itrongly reflc£led the fun's rays. But what their power was, he did 
BOl fee. 



'% 
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Immenfe body of fire, the fun ; a m^ifs wonder*- 
ful, and worthy of its Maker, whether we con* 
fider its immeniity, its exdedive heat, or its ab* 
folute neceffit/ and great ufe to us, and to all the 
teft of its fyftem. But we Ihall find yet farther 
evidences of the great Creator's work in the 
following chapter* 



I 

I 
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i 

OF THE DUE POSITION AND DISTANCE OJ^ THE StTK 

AND ITS PLANETS. 

A S the infinite power and wifdom of God ap- 
pears in the appointment and make of the 
fun, according to the preceding chapter ; fo in 
this I ihall demonftrate the fame from the duc^ 
pofition of the fun, among his planets, and his 
due diftance from each of them. 

Now here we may take it for granted, that the 
fun is the fountain of the light and heat of all 
the planets, not only of the earth, but of the 
other planets, that move either about the fun, 
or the earth : but whether the • fun be placed in 
the centre of its fyftem, or the earth be fo, is of 
, no great confequence here to enquire. But I 
have all along fuppofed the former to be the moft 
probable hypothefis, and it feems to be ftill 
more fo, from the confideration we are now upon 
concerning the commuaity of its light and beat 
z to 
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to all the planets. For fincc it is manifeft that 
what light and heat the planets have, they re- 
ceive fronfi the fun, it is far more likely that this 
their fountain of light and heat is placed in the 
common centre of them, and that they move 
round about it, rather than it about them. 

But be it fo, or not fo, it is however very 
certain, that all the planets are placed at fuch a 
due and proper diftance from the fun, that they 
receive the beneficial rays thereof in a due man- 
ner and proportion. There is no great reafon to 
doubt of this, among the planets that are at 
greater or lefler diftances from the fun than we, 
becfiufe we find a noble and folemn apparatus 
anfwerable to their diftances from the fun, which 
I intend to fpeak of hereafter. But as for our 
own terraqueous globe, we have fufficient fignals 
of the great care and counfel that have been ufed 
in the due pofition and diftance thereof from 
the fun* For as to its pofition to the fun, 
I have heretofore fliewn, that by the incli- 
nation of its ^xis, and its diurnal and periodical 
revolutions, all parts have a due fliare of light 
and heat. And as for its diftance, it is fuch as 
not only prevents the danger of its interfering 
wirh the other globes, as I have formerly obferv- 
ed, but alfo it is duly adjufted to the denfity of 
the earth and waters, and to the make and tem* 

Y 2 per 
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per of our bodies, and of all other things hertf 
below. Had we been much nearer the fun, our 
world would have been burnt up and wafted ; the 
waters in the firft place would have been all turn- 
ed into vapours, and dried up ; vegetation have 
foon ceafed, and all things would have foon 
been wafted, if not burnt and confumed. Or 
had we been not at fo very great a diftance, but 
only a little nearer the fun than now we are, 
fuppofc a few thoufands of miles, ftill the heat 
would be as the fquare of the * diftance ; and 
confequently too great, if not for the polar, yet 
for the equatorial parts. And, on the contrary, 
had we been fet at a greater diftance from' the 
lun, fo would the fun's heat have been abated in 
proportion to the fquare of that diftance. And 
in this cafe, if the diftance had been very great, 
we and all things muft have htcn perpetually 
frozen up ; or if it had been not fo great, the 
world would have fufFered by cold, the polar at 
leaft ; if the equatorial parts could have 
efcaped. 

And in this cafe, when ouf globe ihouM thus 
be parched up with everlafting heat, or be ever- 
laftingly frozen with exceffiv^c cold ; inftead of 

an 

* NewtoKy Princtp. p. 4((# 



DUE DISTANCE OF SUJT AND PLANET8, ^41 

an habitable, plcafant, and comfortable world, 
it muft become a defart, a place of irkfomenefs, 
mifcry, and everlafting punifliment. But the 
great Creator having fo wifely and indulgently 
ordered the diftapce between the earth and fun, 
the fun's light and heat are incomparably accom- 
modated to the ftate and temper of all things 
here below, and our world is well fitted for ha* 
bitation, well provided with every thing that 
may minifter to the fupport, the comfort, and 
pleafure of its inhabitants. By thofe indulgent 
rays, all things are enlightened, and we and all 
the reft of the animal kingdom are enabled to 
difpatch our bufinefs, to feek and provide our 
food, and to pafs from place to place, as our ocr 
cafions or pleafurcs lead 14s. By its cherilhing 
beams all things are warmed and comforted, 
vapours in fomc meafure made to rife for the 
forming of clouds and rain : t^ces and plants are 
pnablcd thereby to put on their verdure and 
gaiety, and to yield us the benefit and pleafure 
of their grain and fruit. By the prefcncc of this 
great fountain of light and heat^ we, and evca 
nature too, is awake and excited; ^nd by 
its abfence, grows torpid and dull : its ab-, 
fence by night difpofes us to reft and ficep; 
r.**d cycn vegetables too Ihut up their flowera 

Y .3 thea 
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then% and in a manner betake themfelves to 
reft : and its abfence in winter, how doth it 
change the whole face of nature, divert vege^ 
tables of their gay attire, force animals to places 
of fhelter and fafcguard, and -give an afpedt of 
melancholy and horror to all things ! 

Thus it is manifcft, how wifely and indulg- 
ently tlie great Creator hath provided for the 
good of our planet, by fo critically adjufting its 
pofition to, and its diftance from the fun, to the 
ilate and temper of it and all things thereon. 
And although the reft of the planets encom- 
paffing the fun, are fome of them near to, fome 
of them farther from it, yet there is no great 
queftion to be made, but the fame wife Con- 
triver hath made as good a provifion for them as 
for us, either by contempering their denfiry to 
their diftance from the fun, or by fome other 
the wifeft and beft courfe ; as we have very juft 
reafon to fufpedt, from that grand and folemn 
apparatus I fliall fpeak of, of fecondary planets. 
Which leads me to confider the provifions made 
for the fupply of the fun's abfence, and its greater 

diftance^ 

CHAP, 

^ See Phyfico-Theol. Bk. X. Nqtc (a) page 130, vol. i. 
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;^iCE NECESSITY OF LIGHT, AND THE PROVISION FOR 

IT BY THE ATMOSPHERE. 

^T>EFORE I come to the other planets, it will 
be convenient to confi|der how the fun's ab- 
f?nce is fupplied. here upon the earth, as alfo, 
probably, how it is fupplied in her concomitane, 
the moon, • 

And flrft as to the earth. Of fuch abfolute 
neceflity i$ light (not to mention heat) that our 
world could not well be in the leaft utterly with- 
out it, becaufe if there fliould be utter abfolute 
darknefs (befi^ies the great inconveniences it 
might bring to vegetables, minerals, and every 
other fuch like ^art of the creation, befides this 
I fay) it would certaiply pyt animals under an 
abfolute incapacity of performing their moft 
oeceffary bufinefs, and^ading in that office whirh 
the Divine Providence hath appointed them, 

Y 4 although 



i' 
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although of greateft ufe to themfdvcs, or the reft 
of the world. Men, for inftancc, whofe bufinefs 
und occafions oftentimes neceffitate them to bor-f 
row a part of the night i and all other animals^ 
particularly fuch whofe fafety, or temper, or 
conftitution of parts (as of their eye, for in- 
ftance, or fome other parts) confine them to their 
dens and places of retirement and reilby dzf^^ 
and are therefore in courfe compelled to feek 
their food, and wander about on their moft neccf- 
fary occafions of life by night ; all thefe, I fay^i 
would at once be cut off from one pf the grand 
]>enefits of life, from ading that part they bear 
in the creation, during fuch time as they (hould 
be put into abfolute darknefs. But to prevent 
this, the infinitely wife Contriver of the world 
hath made divers admirable provifions, both in 
our own, and the other planets too. One pro- 
vifion which he hath made in our ojvn globe^ 
and I may add that of the moon alfo, is by en-! 
compafEpg both with an atmofphere^, which, 

among • 

^ Mr. HuygcDSi in hit Cofmotheor. p. 2x5. concludes the mooi^ 
to have no air or dtmofphere, becaufe we fee its limb fo clearly axrd 
accurately deBnedy and becaufe be thought there are no Teas or riteri 
in the moon. But he was roiftaken both in hit conclufion and pace 
of his premifes. For in the folar edipfe May 1, 1706, which in 
Switzerland was tbtal^ they could manifedly peirceive the moon's 
lltl|iofph^re> as may be fcen in the accounts given in Philof. Tranf. 

No, 
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among other grand ufes^ minifters very much to 
the propagation of light partly by rcflefting the 
rays of light, to our eye, and partly refradtmg 
them, fo as to make theox vifible and ufeful to 
us, when otherwife they would not appear. 
Hence that whitcnefs and brightnefs ^ obfervablc 
in the air by day ; and hence the twilight, when 
f he fun is hidden under the horizon, .The like 
to which is obfervable in the moon alfo, in that 
fecondary, rufty light which is feen in her 
fcclipfes, and before and after her quarters. 

Jh. 506. And 6nce that, in the laft toul eclipfe of the fun, oii 
April 22, i7x$» the moon's acmofphere was very difccrnible, ap- 
pearing in the form of a curious ring of vapours encompafiiDg the 
pioon all the time of total darknefs. Of which fee the accounts ia 
Vhe Phiiof. Tranf. and Mr. Whifton's. 

JF See Phyftco^Theol. Bk. I. Ch. L Note (i) page 15. y<A. x, 
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THE GREAT USEFULNESS OF THE MOON, ANP TIJ* 
MUTUAL BENEFICIAL RETURNS WHICH TH? 
GLOBES MAKLE TQ QN^ ANOTHER. 

TT AVING Ihewn the abfolute ncceffity of light 
• and the fupply thereof by the atmofpheres 1 
let us next fpeak of the principal provifion 
made for that, and for fupplying the fyi>'s ab- 
fence; and that is by the mooQ and ftars, whicl^ 
as Mofes faith *, " rule the night, as the greater 
<* light, the Sun, doth rule the day/* What 
influences thefe celeftial bodies may have here 
below in the bodies of men and other animals, or 
among vegetables, foflils, or in any of the grand 
works of nature, is hard to determine, although 
vainly pretended unto by thejudicial aftrologcrs ; 
but yet fome things thcreare, whofe periods and 
crifes fo fl:ri<Jtly obferve the courfes of the Sun, 
cfpecially of the Moon, that, on the other hand 

it 

* Gen. X. x(» 
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it is hard to deny the influences of thefe bodies 
here below. The tides particularly have all 
along fo conftantly obferved the courfes of the 
moon, that in all ages they have b/een fufpedted 
to be caufed and governed by that planet : and 
if the ftorics of Pliny y, Ariftotle, and others of 
the ancients,.be true, it is by her influence, that 
the bodies of oyfters and other ftiell-fifli are in- 
creafed and diminiftied : that the mafs of man's 
blood is foalfo; that the humours are refolved 
and attradtfed ; that the dead bodies of beafts are 
corrupted ; that all animals expire at the timeof 
ebb, particularly man ; that the fea purgcth it- 
fclf of filth every full-moon, which gave oc-* 
cafion to the fable of the fun's having his fl:ablc 
about Meffina and Milazzo; and divers other 
fuch like conceits which thofe authors name, too 
many, and too improbable, to deferve to be 
reckoned up in this place. 

But whatever influences the moon may have 

vtpon things here below, whatever her concern 

may be in any tranfaftion of nature, or any other 

office of -the creation, it is however very certain, 

that her light, eclipfes, monthly revolutions, 

and latitude or vaganons towards our poles, are 

gf great ufe to us. 

By 

y Fliii. Nat, HifL L. ii. Ch. 41, 98, 99, 101, 
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By her light, to which I may add that of tho 
ftars, we and the reft of the creatures are able ta 
protradt our day at plcafure, to go hither and 
thither as our occaiions call, and to difpatch 
many of our affairs by night, or to betake our* 
felves torepofc and reft; to which, according to 
Pliny >^ the moon doth naturally incliiie us. 

As to the cclipfes, whether of fun or moon, 
they have their excellent uf^s too. The aftro^ 
nomer applies them to confidcrable fervices in hh 
way; and the geographer makes them no ,lefs 
ufeful in his : the chronologer is enabled by them 
to amend his accounts of time, even of themoft 
ancient days, and fo down through all ages ; and 
the mariner too can make them fcrviceable to 
his purpofe, to difcoverhis longitude, to corrcd: 
his account at fea, and thereby make himfelf 
rnore fecure and fafe ivx the untrodden paths of 
the deep. 

So for the monthly revolutions of the moon^ 
bcfidcs the uf(?s they have in the daily variation^ 
of the tides, aqd perhaps caufing funic Tuch re- 

volutions. 

* Ferunt Lunae fcemincuro ac mollc Cdus, atquc no6Vurnum, 
folvcre humorcm, Sc trahcre, non auferrc. Id manifcflum elTc 
quod ■ Somno fofpitis lorporem contradum in caput revcccr. 

riinyi I. ii. c. loi. 3 • 
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Volutions too in the huniours and bodies of ani-» 
mals, and in the works of nature ; befides this, 
i fay, they are manifeftly of excellent ufe in the 
divifions of time, in meafuring out'ourmonths^ 
as the fun doth our days and yea^rs, according to 
that appointment of the Creator, Gen. i. 14* 
" And God faid, Let there be lights in the 
•^ firmament of the Heaven, * to divide the day 
*^ from the night ; and let them be for figns, and . 
'* for feafons, and for days, and years/' 

And laftly, as to the lunar latitude, or pro* 
grefles towards our poles, befides the ufe hereof 
to the preventing the too frequent eclipfes of the 
fun and moon, thofe vagations are of great ufe 
to the polar parts of the world, in affording 
them a longer, as alfo a ftronger and better light 
than if the rays' fell more oblique: which muft 
needs be a very great comfort, and of wonderful 
fervice to the inhabitants of thofe forloai partSj 
in their long and tedious nights, of fame days^ 
yea, fome months length : to men, to enable 
them to difpatch fuch of their affairs as are of 
perpetual and conftant neceffity j and to other 
animals of the air, land, or waters, to enable 
them with gteater eafe and pleafure to get their 
food, and pafs where their pleafure leads them. 

Thus 
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Thus the great Creator hath made the tnooii 
td be df admirable ufe td our earth. And fa 
"Wifely hath he contrived his works, that they are* 
mutually ferviceable to one another^ fo that what 
good ferviccs one doth, the other as readily re-» 
turneth again. Thus, as the moon is a moon ta 
us, fo the earth is with great reafon eoncluded 
by the pbilofaphers, to be a moon to the moon ; 
not indeed a fecondary planet moving perio-^ 
dically about her, but fuch a planet, as re-* 
fleds the light of the fun to her, and per* 
haps makes fuch like returns of inj9ux> a 
as I faid the earth receives from her. For it is 
not to be doubted, if the earth refledts light, and 
gravitates to the moon, as well as the moon to 
the earth (which is highly probable), but that 
there is a mutual intercourfe and return of their 
anfiuences, and good offices^ « And this is ilili 
more probable from the likenefs difcernible be- 
tween tlie earth and the moon, which is a ftrong 
prefumption that the moon may have the fame 
occafions for the earth, as the earth for her. For 
that flie is an opake body, and that her furface is 
covered in fome meafure with hills and valleys 
is man if eft beyond all doubt to our eye % as I 

before 

* See Book t. chap. t. note (r) p. 29 S, 
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before faid : and that flie hath an atmofphere, is 
what hath been not long fince ^ difcovered : and 
that there are large oceans and collcdtioiis of 
water, '^is what I have before made probable ^ 
And therefore, agreeing thus in conflitution and 
make, their occafions for, and influences upoa 
«ach other, are in all probability mutual^ and 
much the fame. 

And after this manner, the infinitely wife Con- 
triver of the univerfe feems to have tranfafted 
throughout that imrtenfe fpace, by making all* 
the feveral globes ufeful to one another. Thus 
all the planets of our folar fy ftem are of confiderable 
ufe to us, all of them refledt light unto us, and fome 
of them a light fo bright and ftrong, as pafticu* 
larly Venus and Jupiter, that they are a good fup- 
ply of the moon's abfence in the night, as well 
as the fun*s. Nay, the very fecondaries (which I 
Ihall Ihew are of greateft ufe to their primary 
planets) have their ufes too amongft us; not only 
as being evident demonftrations of the great 
works of God, but alfo in miniftering to the dif* 
covery of the longitude of the mofl diftanC 

places 

^ See before chap. 3 . note (v) 

* Book V. chap. 4. note (e) as alfo die, Preface. 
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places upon the earths So for the fixt ftars^ which 
I have before ihewn to be probably fo many funs 
miniftering to as many fyftems of planets ; it is 
certain they are of great ufe to us in fupplying 
the abfence of the fun and moon by night. And 
there is no great doubt to be made^ but that the 
like returns are made to them and their fyftems 
by our fun« So that here we have an admirable 
oeconomy obfervable throughout all the vifibld 
regions of the univerfe^ in the natural affiftances 
and returns which one globe affords the other^ 
even at the greateft diftance* 



1 .; I 
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©P THE MOONS, OR SECONDARY PLANETS IN 
GENERAL, WHICH ARE OBSERVED ABOUT SOME 
OF THE PRIMARY PLANETS. 

• 

T TAVING taken a view of the methods which 
^ •■■ are ufed for the accomodating the Earth 
with light and heat, let us call our e)ne to the 
reft of our Solar fyftem, and examine whether 
any thing of the like kind is to be found there. 
And here we fhall find a no lefs admirable fcene 
of the great Creator's care and wifdom, than we 
difcovered in the Earth and Moon. In Mars, 
indeed, we can difcern a great fimilitude with 
the Earth in its opacity and fpots, but we have 
not yet been able to perceive any attendance of 
Moons, as in the other fuperior planets ; not fo 
much probably becaufe there are none, but be- 
caufe they arc fmall, or they refledt a weak light, 
and are at a great diftance from us. And as for 
Venus and Mercury there may be no occcafion 
for any attendants, by reafon of their proximity 
Vol.' II. Z to 
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to the Sun. But in the two higheft or more 
diftant planets, Jupiter and Saturn, we have a 
very noble and entertaining fcene of the Creator's 
glory. For whereas thofe two planets are at a 
much greater diftance than any of the other 
planets, from their fountain of light and heat, 
the Sun ; and as confequently their heat and 
light are abated in proportion to the fquare of 
their difiances; fo, to make them amends, they 
are furrounded with a more grand retinue of 
fecondary planets, or Moons ; Jupiter with four, 
Saturn with five, as it is imagined, and probably 
more ^. 

And an admirable remedy this is, not only 
for the great diftance of thefe two planets from 
the Sun^ but alfofor the tardity of the periodick 

^ mo- 

'Mr. Huygeni, in his Cofmotheoros, p. 99. gives thi» account 
of the difcovery of the fatellites of Jupiter and Saturn^ That it is 
well known the difcovery of the circumjoviais is owing to Galilseo ; 
that the brighteft, and outcrxnoft circumfaturnial he happened to fee 
with a 12 footglafs in the year 1655 : that the reft are owing to 
CalDni, who firft iaw them with a glafs of Campani's grinding of 
36 feet, and afterwards with one of as many feet above lOo. That 
the 3d and 5th Cai!ini (hewed him in 1672, and afterwards oftener. 
That Caffini acquainted him by letter afterwards with his difcovery 
of the firft and fecond in 1684. That the two iaft are not eafily 
difcerned, and- he cannot fay he ever faw them. That befides thefe 
five, he furpe£b there may be one or more lye concealed. Of whick 
fee cb. vii. following. 
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motion in their refpeftive orbits. For whereas 
Saturn, revolves round the Sun but once in near 
thirty years, and Jupiter but once in near twelve, 
it comes to pafs that the places near the two poles 
of thofe planets have a night of near fifteen years 
in Saturn, and fix in Jupiter, fuppofing their 
axes inclined to the planes of their orbits, as it 
is in our own globe* But fuppofing (as it is im- 
agined) that their axes are not (6 much inclined, 
and that their days and nighty their winters and 
fummers, are nearly equal; in this refpeft the 
cafe would be worfe than in the long nights ia 
the other cafe : but in both cafes the polar parts 
of both 'thofe planets would be difmal regions of 
darknefs, when fo long detained from the kindly 
-vifits of the Sun. But an admirable remedy is 
found, and a glorious feene of the great Creator's 
works appear therein, as will be manifeft by con- 
fidering particulars in each of thbfe two fu«> 
perior planets. 
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dF Jupiter's moons^ ©ays, and seasons. 

IN fpeaking concerning the fuperior pla- 
nets in particular, I Ihall begin with Jupiter. 
The diftance of this planet from the Sun is reck- 
oned to be 343 millions of miles farther from 
the Sun than we aic; and by that means the 
Sun's light and heat arc 27 times lefs there 
than with us^ and its apparent diameter five 
times lefs *• And confidering how vail a globe 
Jupiter is, having its fuperficies 100 times, yea, 
(according to Mr. Huygens's computations) 
«400 times bigger than that of the Earth ; in this 
cafe, what vaft trafts of that globe muft needs 
lie in profound darknefs and defolation, had no 
remedy been provided ? But there are divers pro- 
vided. One is by the frequent rotations of 
Jupiter round its own axis ; which being per- 
formed in lefs than ten hours, it comes to pafs^ 

that 

* Gregorii Aftron. 1. yi. Prop, j* Mr. Huygeot makes the light 
tnd heat but 25 timet lefs, and the appafCDt dxameter Bvc times. 
Cofhiotb.p. ios« 3 
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that what is wanting in the ftrength and degree 
of light and heat, is compenfated by the frequent 
returns thereof* 

The other remedy is by the increafe of the 
number of Moons about Jupiter, who is attended 
(as I faid) with four, as we, who are nearer the 
Sun, are with one. Concerning which thefe four 
things are remarkable : 

1. Their bulk, which in all probability is not 
in any of thern Icfs than our Earth, as the moft 
ingenious Mr. Huygens concludes ^ from their 
ihade upon Jupiter's difk. By which means 
partly it is that^ 

2. They refleft fo ftroiig, briflc, and vivid a 
light, as appears yery illgftripus and entertain- 
ing even to us at fo great a diftance from it : 
which cannot but be very pleafing and comfort- 
able to that planet : beiides the no lefs beneficial 
and friendly influences conveyed therewith at 
the fame time, Z 3 

3. Their due diftances from Jupiter, and from 
^96 another; and their agreeable periodic revo- 
lutions^ 

4 C^^fniotheor. p- loi^ 
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lutions, which I have formerly obferved ^ to be 
in the moft cxaft mathematical proportions. By 
the firft of thefe, thofe fatellites cfcape all dif- 
agreeable concourfes and violent oppofitions, and 
in the moft kindly manner, fend their influx to 
the planet they wait upon : -and by the latter, 
they are perpetually carrying about their light 
and other benefits from place to place. For by 
the motion of the inncrmoft round once in 
lefs than two days ; of the next in about 3 J- days ; 
of the third in fomewhat above a week ; and of 
the outermoft in near .1 7 days : by thefe means, 
I fay, it happens very, feldom, that any part 
of Jupiter is at any time without the prefence and 
attendance of one or more of thofe fatellitesj 
but one is vifitingone part, whilft another is at- 
tending another : and another another part, and 
Jupiter himfelf making fpeedy returns and revo-j* 
lutions all the while. 

4. The laft thing remarkable is, the latitudes 
of Jupiter's Moons, or their progreffes towards 
his poles, which are in a due proportion to their 
diftances and periods ; as I have before ihewn. 
Book IV. Chap. v. 

And 

« Book IV. Chap. ir. 



JUPITER^'S MOONS, DAYS, SEASONS. 359 

And as the latitudes of thefe fatellites differ 
according to their diftances and periods ; fo an- 
other remarkable thing therein, is, that they 
Ihift their latitudes in longer or fliorter times, 
according as their latitudes or vagations towards 
the polar parts of Jupiter are greater or leffer. 
By which meanis fome are making their progrefles 
towards Jupiter's poles one way, whilft fome are 
wandering the other way, and fome are flaying 
there a longer time, and fome a leffer and leffer 
time. By which quadruple variety of latitudes, 
and perpetual changes of it, it comes to pafs, 
that thofe large tradts towards the polar parts of 
that vaft planet, have their due fliare in the light 
and kindly fcrvices of its four Moons, and are 
feldom or never deprived of them. 
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OF SATURN S MOONS, RING, DAYS, AND' SEASONS^ 

TTAVING feen the admirable provifion made 
for the remedying Jupiter's great diftance 
from the Sun ; let us, in the laft place, take a 
view of Saturn, which is. above aoo millions 
of Englilh miles farther from the Sun than Ju- ' 
piter, and near 700 millions of miles farther than 
is our Earth. And here our glaffes, as imper^ 
fe<ft as they are, have difcoVered fo furprizing aa 
apparatus, that muft needs (Irike every one that 
views it with wonder and amazement. 

For, in the firft place, inftead of four fatellites 
or moons, as Jupiter hath, Saturn hath five, and 
probably more. Three of thefe I myfelf have 
feen with Mr. Huygens^s 120 foot glafs; but, 
for want of a j>ole of fufficient height to mount 
the glafs high enough, I am not fure I have feen 
anymore. And befides thofe five, which others 
have feen, there is great reafon to conclude there 
is a fixth lying between the two outermoft, there 
being a larger fpace between them than is in pro- 

por- 
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portion to what is found amongft the reft. And 
it is not improbable, but that there r re others 
alfo lying beyond the fifth or outermoft, but be- 
come invifible at fo great a diftance from us, by 
means of fome obfcurity fuch as is obfervable in 
the outermoft itfelf, which is never to be feen 
by us, but in the weftern part of its orbit, as Mr, 
Huygens obferves \ 

Thefe fatellites we may reafonably conclude 
to be of a prodigious bulk, for the refledling 
of light, and for 'their other miniftrations to 
Saturn, becaufe otherwife they could not be 
feen at fo great a diftance as the Earth ; and par- 
ticularly one of them * is of that magnitude, and 
its light fo brifk and vivid, that it appears very 
illuftrious through our longer glafles, and may 

be difcerned with our fliorter. 

As 

^ The reafon why Saturn's fifth fatellire appears not ou the 
caftern, but weftern part of its orbit, Mr. Huygens very fagacioufly 
(bke bimfelf) conje^ures tobe, becaufe this fatellite, as the Mooa 
doth to the Earth, always turn one and the fame fide to Saturn, and 
becaufe this f^tctlite hath, be imagines, only one part of its furfacc 
clear, and the greateft part obfcure, and not able to refle£h fufhcient 
light to us; therefore all the time that obfcure part is turned towards 
us (which is whilft the fatellite is in the eaftern part of its orbit) it 
difappcars : but in the weftern part it appears, becaufe the bright 
fides lie towards ut. Cofmotheor. ii8. 

' It is the fourth fatellite, or outermoft but one (called from its 
firfl dicovcrer, the Huygenian fatellite) that is fo vifiblc. 
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As to the diftances, the periods, and latitudes 
of thofe fatellites, they being confentaneous to 
wh^t I have already taken notice of jn Jupiter, 
I ihall not infift upon them, but pafs to another 
provifion made for the great diftance of that 
planet ; which is a thing fo lingular to Saturn, 
fo unufual in all the reft of the creation, and fq 
amazing, that it is an evident and noble demon« 
ftration of the great Creator's art and ca^re; and 
that is Saturn's ring. Cpncprning which thcfc 
things are obfervable : 

1. The prodigious fize of it, its great breadth 
and vaft compafs. This we may miake a judg- 
ment of, by comparing it with Saturn himfelf, 
^nd fuppofing the diameter of Saturn to be as is 
before determined, * 93451 Englifli miles j the 
diameter of his ring v;illbe 210265 fuch miles, 
tnd its breadth about 29200 S an amazing arch 
to an eye placed in that planet. 

2. The due and convenient diftance of it from 
Saturn itfelf ; not clofely adhering to it, becaufc 
that would annoy a large portion of Saturn'a 

globe, 

^ Mr. Huygens, in his Syftema Saturn, p. 47. and Cofniotheor. 
p. 109. derermincs the diameter of Saturn'9 ring to the diameter of 
Saturn, to be as nine to four ; and the breadth of the ring, an4 
diftance of the ring from Saturn's body, to bcinearly equal, and ac- 
cordingly tbefe numbers aie defined here. 
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globe, by depriving it of the Sun's rays, but 
environing it about the diftancc ot its breadth ; 
by which means the Sun*s light and heat are 
permitted to enter between the planet and it.s 
ring, whilft other rays are zt the fame time re- 
flefted upon the planet by the ring. 

3. The thicknefs of the ring, which is hardly 
if at all, perceivable by us ; which is as great a 
benefit, as its edguig flxade would be annoyance, 
was the ring thick. 

4, Its fmoothnefs and aptitude to reflecft light 
and heat ^ is a wonderful convenience in it. 
Was it full of mountains and valleys, and I may 
add waters too, as in our Earth, and probably 
the Moop likewife, the reflection would be too 
weak to render the ring vifible unto us, at fo 
great a diftance as we are; but perceiving its 

4ight to be fo lively and ftrong, as to render both 
itfelf and Saturn very illuftrious, it is a demon- 
ftration of the aptitude of its ftrufture, and 
fmoothnefs for the refledion of light and heat to 
the planet it ferves. 

5, As the periodical revolutions of the Earth 
arc an excellent and providential contrivance for 

. thofc 

\ See Huygeos. Syft. Saturn* p. 70. 
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thofe ufeful and neceflary mutations we have of 
the feafons of the year, fo no doubt but the fame 
benefits accrue to thofe revolutions which Saturn 
hath about the Sun. It is vifible, that as Saturn 
changes its place in its orbit, fo its ring receives 
a variety of afpeds "*, not only with refpedl to 
us, but to the Sun. Thus in one part of the 
orbit it appears with a larger " ^llipfis, fo as to 
exhibit a larger fpace between it and Saturn : in 
another part, with a leffer, and fo with a lelfer 
ellipfis, and fometimes as only a (lender flrjiic 
line^ and fometimes it is not vifible at all ^ : alfq 

forp.c^ 

■ Every 74 or 1 5 yean Saturn's ring hath the fame face ; appeart 
ing at one time with large open anfs, at another time with no rin^ 
at all. Which appearance is obtained by gentle progrefles from the 
one to the other face. As, if the anfae are the largeft, they gradual- 
ly dtminiih, until noanfae, or apertures, are tq be feen in the ringi^ 
and at laft no ripg 9t all alfo. See Fig. 8. 

" This Mr. Huygent fliewi is 'whtn Saturn is 20 } degrees ia 
Gemini and Sagitary. This was the appearance it had in April 1708, 
and which it will again receiyc at the end of it%x ; only with this 
difference, that whereas the ring traverfed the upper or northerly 
part of Saturn's diik in 1708, it doth now, and will for fome years 
to come, traverfe the lower or foutherly part thereof, as is reprefent-p 
cd in Fig. 7. 

^ Mr. Huygens ihews, that for about Hx months before and after • 
Saturn's being in 20 1 degrees of Virgo and Pifces, the ring is not 
vif)ble| but Saturn appears round. Syfl. Saturn, p. 59, 74, &c. 

An4 
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fometimes one fide of the ring is enlightened, 
and reflefts light towards one part of Saturn, 
fometimes the other enlightens another part ; and 
there is no doubt, but that as our Earth has its 
feafons, according to its pofition to the Sun 
in its periodical motion in its orbit; fo Saturn 
throughout his period, hath his feafons according 
unto his pofitipn to the Sun, and the various re- 
flexions of the ring upon the feveral parts of his 
globe P. 

Thefe five things obfervable in Saturn's ring, 
we have pretty good afliirance of, from our 
views through good glafles. But there is a 

6th 

And accordingly at this very time there is no appearance of the ring, 
only a fmall narrow lift or belt crolfeth the middle of Saturn's diik, 
of a colour fomewhai dilTcrent from the r«ft of Saturn's face, and in 
the place were the ring fhould be. This appearance of Saturn is re- 
prefented in Fig. 8. which is the appearance he had through a very 
good 34 foot gla(s, ac the latter end of 06lober and beginning of 
November this prefent year 17 14. But a little before this, viz. on 
Sept. z6. t could through an 126 footglafs difcern the narrow ends 
of the ring on each fide Saturn. A reprefenution of which I have 
given in Fig. 9. 

f There is a very great reafon to imagine this doth certainly 
happen in Saturn, becaufe, as Mr. Huygens obferves, Saturn ap- 
pears fometimes mofe fplendid than at other times. Ita femper 
(faith he) quopropiu^'verjus Cancri ^ Capricorni figna accejferit^ 
eo major em f aut eerie Jplei'.dldiorem^ eliam abfque telefcopio appar^ 
iturumy quippe annuli ellipji femper fe latiui pandente. Huygea. 
|Syfi»S4turn,p. 56. 
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6th Thing I ftiall add as only conjec^tural, and 
that is, a fuppofition that the axis of Saturn ^ is 
inclined i^and that pretty much alfo) to the plan^ 
of its ring, or the plane of its orbit at lead ; and 
that he hath a diurnal rotation in fome certain 
Ihort fpaceof time. For without thefe two con- 
veniences, very large tracts of Saturn would 
fuffer extremely for want of the Sun. For if 
Saturn hath no other motion but that round the 
Sun in its orb, one part muft be excluded from 
the Sun's vifits for 15 years, whilft the other par^* 
takes all the while of them; and one hemifpherc 
will enjoy the benefit of the ring, whilft the 
other is eclipfed by it : ' and in this cafe the 
ring would be nearly as prejudicial to the eclipfed 
part, as it is ufeful to the enlightened. But 
fuppofing Saturn to move round in the fame, of 
a Ihortcr time than Jupiter^ and in a path pretty 
much inclined to the ring, all parts then of that 
vaft planet will have their frequent returns of 
day and night, of heat and cold. And fince this 
Is what is difcernible in the other planets, and is 
no lefs neceffary for the benefit and comfort of 
this, we may reafonably conclude the thing to 
be probable, although not difcernible at Saturq'iJ 
great diftance from us, 

CHAP 

n Mr. Huygens determines the inclination of Saturn's axis to the 
plane of his orbit to be 31 gr.as that of the Earth is 23 tJtgrces. 
Cofmotheor. p. io8. 
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CHAP. VIII. 



THE CONCLVSIOK* 

'TpHUS I have taken a view of the provifion 
-*• made for thofe two ^rand, and univerfal 
neccffaries, light and heat ; things, in all pro- 
bability, no lefs necefTary for the other globes, 
than for our own : and things which not only 
animals cannot fubfift without, but what all 
things here below ftand in need of as well as 
they. When therefore we adtually fee and feel 
thofe indulgent provifions, thofe amazing ads 
of the great Creator i when we have views of 
their extent into myriads of other the moft dif- 
tant globes ; when (to go no farther) we fee in 
our own fyftem of the fun, fuch a prodigious mafs 
of fire as the fun is, placed in the centre, to fcat- 
ter away the darknefs^ and to warm and cherifli 
us by day j and fuch a noble retinue of moons 
and fiars^ attending and affifting us by night ; 
when We fee this indulgence, this care of the 
Creator, extended to all the other planets, and 
that according to their feveral diftances, they 
I have 
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have a proportionate provifion of the greater 
number of moons, and Saturn a ftupendous ring 
bcfides, to fupply the decreafe of light and heat| 
who can be othcrvvife than amazed at fuch pro- 
vidential, fuch ufeful, fuch well contrived, fuch 
(lately works of God ! Who can view their 
glories, and partake of their beneficial influ- 
ences, and at the fame time not adore the wif» 
dom, and praife the kindnefs of their Contriver 
and Maker ! But, above all, fliould there be any 
found, among rational Beings, fo flupid, fo vile, 
fo infatuated with their vices, as to deny thefe 
works to be God*s, and afcribe them to a necef- 
fity of nature, or indeed a mere nothing, namely, 
chance ! But fuch there are to be met with among 
ourfelves, and fome fuch the prophet tells us of, 
Ifai. V* II, 12. Men that had fo debauched them- 
felves with drink, and enervated their minds by 
pleafures, that " they regarded not the work of 
" the Lord, neither confidered the operation of 
*^ his hands/* Such perfons having led their 
lives in Juch a manner, as to wifh there was no 
God to call them to account, would then perfuadc 
themfelves there is none ; and therefore ftupidly 
afcribe thofe manifeil demonfirations of the in-* 
finite power and wifdom of God, to a mere no- 
thing, rather than to their great Author. But 
may wc not with as good reafon, imagine a light- 
ed 
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ed<:andle, a well made culinary fire, a flaming 
beacon, or light-houfe, to be the work of chance, 
and not'of man, as thofe glories of the heavens 
not to be the v/orks of God ? For it is very cer- 
tain, that as much wifdom, atr, and power wor- 
thy of God, is Ihewn in the lights of the hea* 
Yens i as there is in thofe upon earth, worthy of 
man, which none can doubt were contrived and 
made by man* And if from thefe mean contriv- 
ances and works of man, we conclude them to 
be the works of man; why not the grand, the 
amazing works of the heavens, furpaffing all the 
wit and power of man ; why not thefe, I fay, the 
works of fome Being as much fuperior to man ? 
According to the argument of Chryfippus, which 
Ihall conclude this Book : ** If there be any Being 
that can effedt thofe things, which man, al- 
though endowed with reafon^ is not able to ef- 
fect ;* that Being is certainly greater, and ftronger, 
and wifer than man. But man is not able to 
make the heavens ; therefore the Being that did 
make them, excels man in art, counfel, prud- 
ence, and power/' 
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BOOK VIII. 



PRACTICAL INFERENCES 



FROM THE FtHLEGOIMG 

SURVEY. 

IN the foregoing feven Books^ having taken a 
view of what prefents itfelf to us in the hea- 
vens, and feen a fcene of the greateft grandeur, 
a work well contrived, admirably adapted, and 
every way full of magnificence; all that now 
remains is, to endeavour t;o ihake thefe views 
and confiderations ufeful to ourfelves. Which 
I (hall do in the following chapters. 
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CHAP. 



fuk EXiSTBlJCE Ol? GOi) COLLECTED BY TH* H£A* 
tH^Nd FROM tHE WORlCS OF THE HEAVENS. 

TH E firft and moft ready and natural de^uc-^' 
tioh we can make from fuch a glorious 
fcene ot workraanfliip, as is before reprefentcd, 
is CO confider^ who the great workman was ? 

That the author of all this glorious fcerie of 
things wais God^ is fuch a coriclufion^ that eVeti 
the moft ignorant^ and barbarous part of man-^ 
kind have been able to mak6 from the Inanifeft 
{ignals vlfible therein ; iignals fo plain and Con* 
^lufive, that Tully's Stoic ■■ cites it as Ariftotle'i 
opinion, *^ That if there were fuch ai fort of peo- 
ple, that had always lived under the earth, in 
good and fplendid habitations, adorned with im« 
agery add pidores, and furniihed with all things 
that thofe accounted happy abound with ; and 
fuppofing that thefe people had never at any 
time gone out upon the earth, but only by report 

A a 2 had 

* • •• 

I Dj Nflti t>eor. L. ii. C. 37. 
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had heard there was fuch a thing as a Deity, and 
a power of the ]gdds ; and that a certain time 
afterwards, the earth ihould open, and this peo- 
ple get out of their hidden manfions into the 
places we inhabit; when on the fudden they 
Ihould fee the earth, the feas, and the heavens; 
perceive the magnitude of the clouds, ahd the 
force of the winds; behold the fun, and its 
grandeur and beauty ; and know its power in 
making the day, by diffufing his light through- 
out the whole heavens ; and when the night had 
overfpread the earth with darknefs, they fliould 
difcern the whole heavens befpread and adorned 
^Vith ftars, and fee the variety of the moon's 
phafesin herincreafe and decreafe, together with 
the rifings and fettings, and the ftated and im- 
mutable courfes of all thefe throughout all 
eternity ; this people, when they ihould fee all 
thefe things, would infallibly imagine , that there 
are God^, and that thofe grand works were the 
works of the Gods/' Thus have we the opinion 
and conclufion of two eminent heathens together, 
Ariftotle, and Tully's Stoic. 

And if the ^ heavens fo plainly declare the 
' glory of God, and the firmament Iheweth his 
* handy-work';' if thofe charadcrs> thofe im- 

prefles 

* Pfalm xix. i, &c* 
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preffes of the Divine hand, are fo legible, that 

* their line is gone out through all the earth, 

* and their words to the end of the world, fo that 
^. there is no language, tongue, or fpeech where 

* their voice is not heard ;' nay, if thefe things 
are fuch, that even a fubterraneous people would 
at firft fight, conclude them to be God^s work ; 
how daring and irnpudent,-;how unworthy of a 
rational Being, is it, to deny thefe works to God, 
and afcribe them to any thii\g, vea, a mere no- 
thing, as chance is, rather than God? Tully's 
Stoic, laft mentioned, denieth him to be a nian 
who Ihould do this. His words * are, ** Who 
would fay he is a man, who when he ihould be- 
hold the motion of the heavens to be fo certain, 
and the orders of th^ ftars fo eftablilhed, and all 
things fo well connefted and adapted together, 
and^ deny that reafoR was^here, and fay thefe 
things were made by chance, which are managed 
with fqch profound counfel, that with all our 
wit we are not able to fathom them ? What ! 
faith he, when we fee a thing moved by fome 
certain device, as a fphere, the hours, ,and many 
things befides ; we make no doubt but that thefe 
are the works of reafon. And fo when we fee 
the noble train of the heavens, moved and wheel- 

A a 3 cd 

^ Cicero^ ibid. cap. 38. 
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ed about, with an admirable pace, and in the 
moft confiant manner, making thofe anniverfary 
changes, fo neceffary to the good and preferva-^ 
tion of all things ; do we doubt whcthtr thefc 
things are done by rcafon, yea, by fome more 
cxcelleqt and divine reafon } For, faith he, kt-- 
ting afide the fubtiltlcs of difputation, we may 
aftually behold with our eyes, in fome meafure, 
the beauty of thofe things which we affcrt are 
ordered by the Divine Providence." And then 
he enters into a long detail of particulars of this 
kind, too many to be named here. 

Thus Cicero, throughout whofe works fo many 
paflages of this nature occur, that it would 
be cndlefs to cite them : and therefore one ob- 
fervation that Ihcws what his opinion was of the 
fenfe of manjcind in the matter, Ihall clofe what 
he faith, and that is in his Book de Legibus", 
where he faith, *^ Apong alj the tribes of ani- 
^ piajs, none but man hath any fenfe of a God ; and 
among mankind there is no nation fo favage and 
barbarous,- which although ignorant of what God 
it ought to haye, yet well knows it ought to have 
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And after »the Czmt manner Seneca % who in- 
ilanceth in two things to Ihew the deferenee we 
are apt to give to the general prefumption and 
confent of mankind. One is in the immortality 
of the foul ; the other is in the exiftence of a 
Deity j which, faith he, '* among other argu- 
ments we collet from the innate opinion which 
all men have of the Gods : for there is no na« 
tion in the world fo void of law and morality, 
as not tQ believe but there are fome Gods." Nay, 
fopofitive he is in this matter, that in another 
place he exprefsly faith, " they lie that fay, they 
believe there is no God, for although by day 
they may affirm fo to thee, yet by night they are 
to themfelves confcipus of the contrary." Much 
more could I cite out of this famous heathen ; 
but one palTage, relating to the Heavens, ihall 
fuffice, and that is in his difcourfe, • (hewing, 
" Why evils bcfal good mpn, feeing there is a 
Divine Providence ^/- He takc§ it for granted 
in this difcourfe, that there is fuch a thing as a 
Divine Power and Providence governing the 
world; and he faith, " it was needlefsfor him to 
Ihevv that fo great a work [as the world] could 
not (land without fome ruler; that fo regular 

A a i]. motions 

' Epift. 117. 

re bonis viris^ &c. c, i. 
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motions of the ftars could not be the tfft&s of a 
fortuitous force, and that the impulfes of chance 
muft be oftentimes difturbed and joftle; that 
this undifturbed velocity, which bears the 
height of fo many things, in the earth and Teas ; 
fo great a number of heavenly lights, both very 
illuftrious, and alfo f&ining by a manifeft d\U 
pofal, muft needs proceed by the direftion of 
fome eternal law ; that this can never be the 
order of ilraggliQg matter; neither is it poffible 
for things fortuitoufly and raftily combined, m 
depend upon, and manifeft fo much art," Divers 
of which matters he proceeds to inftance in. 
Thus Cicero and Seneca : to whofe evidences J 
might have added many others, particularly a 
great deal out- of Plato (the divine Plato, th^ 
Homer of philofophers, as he is called by the 
Uncients) *: but it would be needlefs, as well as 
tedious, fince thefe two former have given us the 
fenfe of mankind, as well as their own opinion la 
the matter. 
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COD S PEfUPrCTIONS DEMONSTRATED £T HIS WORKS. 

« 

A S God's works have' been Ihewn to be mani. 
■* ^ feft demonftrations of his exiftence; fo they 
are no Icfs of his perfedions, particularly of his 
infinite power, wifdom, and goodnefs ; inafaiuch 
ks every workman is known by his work. A pa- 
lace that Ihould have nothing dcfedive in fitua* 
ation, beauty, or convenience, would argue the 
archited to have been a man of fagacity, and Ikil- 
fulin geometry, arithmetic, optics; and all other 
mathematical fciences, ferving to make a.man 
a compleat archited; yea, to have fome judg- 
ment in Phyfic, and natural philofophy too. 
And fo this glorious fccne of God's works, the 
heavens, plainly demonftrate the workman's in- 
finite wifdom to contrive, his omnipotency to 
make, and his infinite goodnefs, in being fo in- 
dulgent to all the creatures, as to contrive and 
order all his works for their good. For what 
lefs than infinite could effect all thofe grand 
I things 
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things^ which I have, in this difcourfe, Ihewn 
to be manifeft in the heavens ? What architeA 
could build fuch vaft mafleSy and fuch an innu* 
merable company of them too^ as I have ihewn 
the heavens do contain ? What mathematician 
could fo exa&ly adjuft their diflances ? What 
mechanic fo nicely adapt their motions^ fo well 
contrive their figures, as in the very beft manner 
may ferve to their own confervation and benefit^ 
^nd the convenience of the other globes alfo ? 
What naturalift, what philofopher, could im* 
pregnate every globe, with a thing of that sfbfp* 
lute neceffity to its confervation, as that of gra« 
vity is ? What optician, what chymift could 
ever have hit upon fuch z, noble apparatus for 
light and heat, as the fun, the moon, and the 
fiars are ? could amafs together fuch a pile of 
fire as the fun is ? could appoint fuch lights a^ 
the moon and other fecondaries are ? None cer^ 
jtainly could do thefe things but God, 
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CHAP. III. 



OF god's relation to US^ ANB the X>UT1£S 
RESULTING FROM TH£MCE. 

TT appearing from the laft chapter how great 
^ a being the Creator is, it is time to confider 
what relation he (lands in to us, and what is due 
from us to him. His relation to us is that of 
Creator ; and as fuch, of confervator, fovereign 
lorjd, and ruler, one that hath an abfolute power 
over us, and all things belonging to us, that c4in 
fubjeft us to what laws he fees fit, and that can 
reward or punifh us as we deferve. And in this 
cafe, the leaft we can do, is to revere' and fear 
him at all times, to worfliip and ferve him with 
all our power, to comply with his holy will 
fincercly and heartily, and to obey him in all 
things he hath either forbidden, or enjoined. 
And confidering alfo how great indulgence and 
love the Creator hath Ihewn in his works through- 
out the univerfe, it naturally follows that w€ 
pught to be truly thankful to him for his mercy 

and 
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and kindaefs^ and to love him for bis love and 
goodnefs. 

Thefe kind of conclufions are fo natural^ that 
the very heathens have in fome meafure made 
them. Thus Cicero's Stoic before cited ', 
** ^id vero ? hominum ratio non, (^c. What ! 
doth not man's reafon penetrate as far as even the 
very heavens ? For we alone of all animals have 
known the rifings^ fettings^ and courfes of the 
fiars : by mankind it is that the day, the months 
and year^ is determined ; that the eclipfes of the 
fun and moon are known, and foretold to all 
futurity ; of which luminary they are, how great 
they will be, and when they are to happen. 
Which thing the mind contemplating, it receives 
from hence y the knowledge, of the Gods : from 
whence arifes piety; to which is joined juftice, 
and the other virtues j from which fprings that 
bleflcd life, which is equal unto, and like that 
of th^ Gods themfelves, and in no refpcdt yield- 
ing to thofe celeftials, except m immortalijty, 
which is not neceflary to happy living,** And in 

his 

' * De Nat. Deor, t. u. c. (i. 

T Some rend it inflrad of accipit ad cognkionciii Deoniiii ; aocipit 
ab his cogoitionem Deorum. 
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his book De Legibus*, Cicero brings in his 
collocutor faying, " Sit igittar hoc a prtnciph per^ 
fuafum^ fe?f. i. e. Let this be what every member 
of the commonwealth is fully convinced of from 
the beginning, that the Gods are lords and 
governors of all things ; that whatfoever things 
are done, they are managed by their influence^ 
rule, and divinity ; that they merit a great deal 
of mankind, and obferve what every one is, what 
he doth, what he admits into his mind ; with 
what mind, what piety he cultivates religion ; 
and that they take an account both of the righ« 
teous and wicked. For, faith he, minds that 
are endued with thefe principles, will fcarce ever 
depart from that opinion that is ufeful and true.*' 
And a little after *, one of the laws arifing from 
hence he faith is, ^* Let men approach the Gods 
with purity, let them pradife piety ; for he that 
doth otherwife God himfelf will be the avenger 
of.*' This purity and fincerity is fo neceflary a 
concomitant of religion and divine worihip, ac<* 
cording to Cicero, that he makes it, in another 
place, to be that which diftinguiihes religion 
from fuperftition *>, " CuUus autcm Deorum ejl opti- 

WW, 

* Lib. ii. C. 7. 

• Cap. 8. 

^ Nat. Deor. L ii. c. 2S, 
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WW, &c. But that religion, that worlhip of thcf- 
Gods is the beft, tte pureft,the holieft and full- 
eft of piet}^, that we always revere and worlhip 
them with a pure, upright, and undefiJed mind 
and voicc^ For, faith he, not only the philofo- 
phers, but our forefathers, have diftinguilhed 
fuperftition from our religion !" which he affigns 
the difference of, and then tells us, " that the 
one hath the name of a vice, and the other of 
praife/' 

Thus, as the heathens have, by the light of 

• 

nature, deduced theexiftence and attributes of 
God from his works, and particularly thole of 
the heavens ; fo have they, at the fame time^ 
collefted what the principal duties are, which 
men owe to God ; fo reafonable, fo natural, fo 
manifeft they are to all mankind. 
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CHAP. IV. 



X.ACTANTIUS HIS ARGUMENT AGAIKSt THE HEA- 
THEN GODS* 



THE next inference fliall be one made by the 
eloquent Laftantius ^ : " Argumentum illud 
quo colligunt univerfa coeleftia Deos ejfe, ^c. i. e. That 
argumenr whereby they conclude the heavenly 
bodies to be Gods, proveth the contrary : for if 
therefore they think thenx to be Gods, becaufe 
they have fuch certain and well contrived 
rational courfes, they err. For from hence it 
appears that they are not Gods, becaufe they are 
not able to wander out of thofe paths that are 
prefcribed them : whereas, if they were Gods, 
they would go here and there, and every where, 
without any compulfion, like as animals upon 
the earth do ; whofe wills being free, they wan- 
der* hither and thither, as they lift, and go 
whitherfoever their minds carry them.*' 

Thus 

• Inftiwt. L, «. c. 5. 
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Thus Laftantius, with great reafon^ refutes 
the divinity of the heavenly bodies i which^ 6n 
the contrary, are fo far from being Gods, and 
obje<%s of divine honour and worihip^ that fome 
of them have been taken to be places of tor- 
ment. Thus comets particularly, which mufi 
needs have a, very unequal and uncomfortable 
temper of heat and cold, by tcafon of their pro- 
digiouily near approaches to the fun, and as 
great recefles from it. Thus, according to the 
before commended Sir Ifaac Newton^s ** computa- 
tion, the comet in 1680, in its perihelion, was 
above 166 times nearer the fun than the earth is ; 
and confequently its heat was then 28,000 times 
greater than that of fuitimer : fo that a ball of 
iron as big as the earth heated by it, would 
hardly become cool in 50,000 years. Such a 
place therefore, if defigned for habitation^ may 
be imagined to be deftine4 rather for a place of 
torment, than any other fort cf living. 

But above all, the fun itfelf, the great objeft 
of heathen worlhip, is, by fome of our own learn- 
ed countrymen, fuppofed to be probably the 
place of hell. Of which Mr. Swinden hath writ- 
ten a treatifc called, An Enquiry into the Nature 

and Place of Hell. 

CHAP. 
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CHAP. V, 



Tins SURVEY OF THE HEAVENS TEACHES US NOT TO 
OVERVALUE THE WORLD ; WITH REFLECTIONS QF 
THE HEATHEN WRITERS THEREUPON, 

« 

TT'ROM the- confideration of the prodigious; 
magnitude and multitude of the heavenly 
bodies, and the far more noble furniture and re- 
tinue which fome of them have more than we, 
we may learn not to overvalue this world, not to 
fet our hearts to much upon it, or upon any of 
its riches, honours, or pleafures. For what is 
all our globe but a point, a trifle to the univerfe ! 
a ball not fo much as vifible among the greatefl: 
part of the heavens, namely, the fixed (tars. 
And if magnitude or retinue may dignify a 
planet, Saturn and Jupiter may claim the prefe- 
rence : ox if prox;imity to the molt magnificent 
globe of all thefyftem, to the fountain of light 
and heat, to the centre, can honour and aggrand- 
ize a planet, then Mercury and Venus can claim 
that dignity. If therefore our world, be one of 
Vol, II, Bk thQ 
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the inferior pans of our f\ftem, why (hould wc 
unjuftly grafp at it, and be guilty of theft or 
rapine, lying or cheating, or any injuftice, or 
fin for it? Whv (hould wefacrificcour inDOcence 
for it, or part even only with a good name for 
if, v;hich Solomon faith * " is rather to be chofcn 
" than great riches !" WTiy fhould we do thus, 
if we were fure of gaining the whole terraque- 
ous globe, much lefsdo it forafmall pittance of 
it, as the bcft empire in the world is ? For as our 
blelTed Saviour argues, Matt* xvi. 26. ** What 
*^ is a man profited, if he ihould gain the whole 
^^ world, and lofe his own foul ? or what (hall a 
*^ man give in exchange for his foul ?" 

But palSng over the arguments which Chrifti- 
anity fuggeftsj let us fee how fome of the heathen 
writers dcfcant upon this fubje&. Pliny ^is very 
pathetical in his refledions, when he had fliewQ 
what little portions of the earth were left for us, 
and what large trads were rendered (as he 
thought) ufelefs, the frigid zones being frozen up 
with excciSve cold, the torrid zone being burnt 
up (as the opinion then was) with as exceflSve 
heat, and other parts drowned by the fea, lakesj^ 

and 

• Prov. xxii. i. 

^ Nat. Hill. L. ii. c. 63« 
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arid rivers, and others covered with large woods, 
defarts^ or barren mountains : he then exclaims 
thus, ** Ha tot portiones terray^ &c. i. e. Thefe 
little parcels of land, which are left for our ha-* 
bitation ; yea, as many have taught, this point of 
the world (for no other is the earth in refped: of 
the univerfe) this is the matter, this the feat of 
our glory : here it is we beat our honours ; here 
we exercife our authority ; here we covet riches ; 
here mankind make a buftle ; here we begin our 
tivil wars, and foften the earth with mutual 
flaughters.*' And then having fhewn how by 
fraud and violence men llrive to enlarge their 
cftates^ faith he, " What a little part of thofe 
lands doth he enjoy ? And when he hath aug- 
mented them, even to the meafure of his avarice, 
what a poor pittance is it that his dead body at 
laft poffeffeth ?*' Thus Pliny. And after the 
fame manner Seneca reflefts upon the matter 2, 
when he Ihcws how virtue tends to make a man 
compleatly happy j among other things, by pre- 
paring him for the fociety of God, by enabling 
the mind to foar above the things here below, 
and to make him laugh at the coftly pavements 
of the rich, yea, the whole earth with all its 
tvealth. ** Nee enim poteft^ faith he, ante contem^ 

B b 2 nere 

« Nat. Qiiaeft. L. 1. Praf. 
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nere porticusj* &c. u c A man can never be ,able 
to ilight the (lately piazza, the noble roots (bin^ 
ing with ivory, the curioufly clipped woods, and 
the pleafant rivulets conveyed to the houfes, 
untill he hath furveyed the whole world^and fpy- 
ing from above our little globe of earth, covered 
in a great meafure by the fea; and where it is not^ 
is far and near fqualid, and either parched with 
hear, or frozen with cold, he faith to himfelf, is 
this that point, which by fire and fword is divid- 
ed among fo many nations ? O how ridiculous 
are the bounds of. mortals ! The Ifter bounds the 
Dacians, the Strymon the Thracians, Euphrates^ 
the Tarthians, the Danube parteih the Sarmati- 
ans and Romans, the Rhine gives bounds td 
Germany, the Pyrenees to France and Spain, and 
between ^gypt and ^Ethiopia lie the vaft uncul- 
tivated fandy defarts. If any could give human 
underftanding to ants, would not they too divide 
their mole-hill into divers provinces ?" And when 
thou lifteft up thyfelf in thy truly great province^ 
and flialt fee the armed hods paffing here, and 
pofting there, as if feme great matter was to be 
adled, confider that this is no more than the run- 
ning of ants in a mole-hill. For what difference 
between them and us, but only the meafure of a 
little body ? That is but a point in w^hich thou 
faileft, in which thou wageft war, in which thou 

3 difjpofeft 
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tlifpofeft of kingdoms. But above there are vaft 
fpaces, to whofe pofleflion the mind is admitted, 
provided it brings but little of the body along 
with it, that it is purged of every vile thing, and 
that it is nimLle and free, and content with fmall 
matters. And fo he goes on to Ihew, that when 
the mind is once arrived to thofe celeftial regions^ 
how it is come to its proper habitation ; is de-r 
livered from its bonds ; hath this argument of its 
divinity, that divine things delight and pleafe it^ 
and is converfant with them as its own; that it 
can fecurely behold the rifings and fettings and 
various courfes of the ftars ; that it curioufly 
pries into all thofe matters, as nearly appertain- 
ing to itfclf J that then it contemns the narrow 
bounds of its former habitation, it being but a 
trifling f*pace, of a few days journey from the 
ttmoft limits of Spain to the very Indies ; where 
as the celeftial regions afford a path for the wan- 
dering of the fwiftefl flar for thirty years, with- 
out any refiflance ; in which regions he tells us 
the mind arrives to the knowledge of thofe things 
at lafl, which it had before long enquired after, 
and there begins to know God. Thus Seneca j 
which fhall fuffice for this third inference. 
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